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Whilst the rapid progi-ese of organic chemiatrj has 
on the one hand euormouBly increased the number of 
organic corapounde, it hau, on the other, revealed new 
relatione between the diEFerent groups of these com- 
pounds and opened up many new paths, both from one 
group to another and from member to member of tlie 
same group. The relative importance of individual 
compoimds has thus gradually diminished in compari- 
8on with that of the family to which they belong ; and 
this condition of things can only be fuUy recognised by 
so classifying organic bodies as to make the description 

i of the individiial members subsidiary to that of the 
family to which they ai-e attached. The student is 

J thoB enabled to gain a general view of the otherwise 
almost hopelessly vast airay of organic substances, 

i These principles, enunciated in the hrat edition of 

this work, have been adhered to in the present edition, 
which has been carefully revised and brought down to 

j date by I>r. F. R. Japp. The chapters on benzene and 

y the benzene theoiy, on naphthalene, phenanthrene, 
anthracene, and the indigo group, are from his pen. 

Baeyer's new synthesis of itidigo, which was made 
known while this work was in the press, is given in 

■ an appendix. 
1 

■ BOf AL COU^EQB OP CUEUISTRI, 

^^^H BOUTH SXSaiSOTOS UUEKUU, 

^^^b 3rd Jasiuay, 1381. 
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LECTURE NOTES 



CHEMICAL STUDENTS. 



ORGANIC CHEMISTRY. 
CHAPTER I. 

INTRODUOTOET. 

The name orgamc is conveniently restricted to ciemical 
componnda the molecnlea of wiiich consist of one or mora 
atomB of carbon directly combined either with carbon, nitro- 
gen, or hydrogen. Thns, according to this definition, car- 
bonic anhydride (O^C^O) and hydric potaasic carbonate ' 
(H — — C — — K) are inorganic or mineral componnda, 



I directly combined 



-0— H\ 
-0— H/ 



becanae the carbon which they contain 
with oxygen only ; but oxalic acid ( 

\o=ci— 0- 

acid (N=C— O— H), and formic acid (0=C— 0— H) i 

H 
or^nic compoimdB, because their molecnles contain, carbon 
directly combined, in the first case with carbon, in the Gecond 
with, nitrogen, and in the third with hydrogen. 

The number of elements usnally entering into the composi- 
tion of organic compounds is very small. 

A large number of these compounds consist ot cB.THiaQ.'waA^fii. 1 



2 COMPOUND ORGANIC KAIlICALS. 

with only one other element, either hydrogen or, rarely, 
nitrogen. 

The memhers of another very large class contain only ihru 
elements : — carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and osygen. 

Others contain faur elements — carbon, hydrogen, osygen, 
and nitrogen. 

Some contain enlphnr, chlorins, bromine, iodine, silicon, 
phosphoms, boron, or metals ; bnt these are comparatively 

Althongh the number of the elements entering into the 
composition of organic compounds is mnch smaller than that 
nsnally taking part in the formation of minerals, yet the com- 
plesity of the former class, of componnda is frequently mnch 
greater. 

There is no instance of an organic molecule containing bat 
two single atoms, and only one in whici there are three 
(hydrocyanic acid, HON). 

On the other hand, the number of atoms in a single oi^anio 
molecule is sometimes very great. Thus :— 



n 



The molecule of Spermaceti contains 
,, „ Stearin „ 

„ Margarin „ 



217 



In nearly all organic compounds ca/rboii' is a tetrad. It 
forms, therefore, with 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (C"'H)"'Cl3 ; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenio 
dichloride (C'''H,)''Cls; and a monad compound radical with. 
3 atoraa of hydrogen, as in methylic iodide (C'^'Hs)!. Satin 
these compounds it will be seen that the carbon is always 
saturated and always a tetrad. 

This is in confoi-mity with the following gewcral law: — "In 
every molecule of a chemical compound the sum of the bonds 
is always an even number," because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 



NOTATION OF ORGANIC COMPOUNHS. ; 

tbia may be added the following law, to which no esceptioo ii 
known:—" The sum of the bonds in any molecule is at least 
twice as great aa the active atomicity of the most polyad 
element in the eompound." 

A eomjiound organic radical ii a groiij) of atoms containing one I 
or more atoms of carbon of which one or more hondi are umatia- 
fted; and it is either a monad, dyad, ^e. radical, accordingto the 
number of ■mortad atoms required to complete its active atomicilij. 

Sucli a radical, when a monad, triad, or peutad, cannot eiiat 
&6 a separate group ; like hydtogen or nitrogen, when isolated. 
It combines with another group of atoms like itself, forming 
a dnplex molecule. It in only by this union of two semi- 
molecules tiiat the vacated bonds can be satisfied. 

The following are two of the principal series of compound 
organic radicals r — 



Methyl. . |-Qg^" 
Ethyl . 



Propyl . 
Butyl . 
Amyl . 



/C,U„ 



/Me 

/Et 
' lEt 



/Ay 



Methylene,. OH, or Me'". 
Ethylene . . C.jH. or Et". 
Propylene., CjH, or Pr". 
Bntylene . . C,Hb or Bu". 
Amylene . . C,H,„ or Ay". 



Organic radicals are the analogues of the monad, dyad, and 
triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, let us 
now proceed to inyestigate their functions in organic com- 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypotEoBiB, built up. 

Wo sbftU be assisted Iq our investigation by reducing the 
formnlm of these compounds to a few types or fundamental 



• Onlj' Ikc 



a combinatio 



4 TVPEe OF OllGAKlC COMPOUNDS. 

forms. In doing this it ia necesaaiy to avoid, as far as pos- 
sible, all empirical grouping of atoms. Our formnte ougiit to 
espreas, aa exactly aa possible, how the elements are combined 
with each other. Thua in a compound containing CjH,0„ 
the formula ought to show, first, whether the hydrogen ia 
combined with carbon or with oxjgen ; or if combined with 
both, it should indicate how many atoms are united w 
carbon, ajid how many with oxygen. Secondly, the formula 
ought to show whether the osygen is united with carbon o 
with hydrogen, or partly with the one and partly with the 
other, or, lastly, whether it is performing the function of 
linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in n 
nitrogenona compounds, and nitrogen in the remaining organic 
compounds. 

Non -nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo- boron and silicon compatuidB,canbe 
conveniently considered under the two following types, viz. :— < 



1. The mouadelphic. 

type 



H-C- 

I 



2. The diadelphic, or methyl type 



-C-C— H 
I I 
H H 



Nitrogenous organic eoniponada arrange themselvt 
most conveiuent manner under the two following types:- 



I 



FORMULiR^OF ORGANIC COMPOUNDS. O 

CI 

4. The ammoniocliloride type H — ^N — H 

H H 

In addition to these types a few others will be occasionally 

necessary, snch as : — 

H H H 

5. The triadelphic type. H^C— C— C— H 



H H H 

H H 

I I 

6. The double monadelphic type. . . . H— C — — C — H 



H H 

H H 

7. The condensed diadelphic orl X X 

define type , J: , i 

H H 

Donble, and sometimes even treble ammonia and ammonic- 
chloride types are required for certain compounds, but they 
do not need special description here.^ 

The above types are written symbolically as follows : — 

1. Monadelphic type CH4. 

2. Diadelphic type < q^^' 

3. Ammonia type N'^Ha. 

4. Ammonic-chloride type N^HiCl. 

fCHs 

5. Triadelphic type < CH2. 

fOHa 

6. Double monadelphic type < 

ICH3 

7. Condensed diadelphic type ...."< r*xi^' 



DEVELOPMENT OF FOBMUL.G. 

In order to facilitate the use of theae aymbolio types, it ia 
advisable for the student to become familiarized with the 
symbols of the following aualoguea of hydroxyl, in addition 
to those already ^iven for inorganic componnd radicals at 
p, 28 of Tol. i, and for the monad and dyad radicals at p. 3 of 
the present volume :— 

Methosyl CH3O or Meo. 

Ethoxyl CjHsO or Eto. 

Propoxyl CjHtO or Pro. 

Butoxyl C^HsO or Bno. 

Amoxyl CiH,iO or Ayo. 

Fonmilie written on the triadejphic type can be reduced to 
the diadelphic typo, and those on the latter to the monadelphic 
type, as follows:— 

I;.S{i; = {onf- = OM.,H.„.cmH.. 

Triaflcl^hit. Marfclphic. Jtonadelptiic. 

The above alternative moaadelphio formula, although appa- 
rently diiferent, af e in reality identical, aa can be easily proved 
by espt^Bsing both graphically, thna ; — 

H : H J H 

I : I i I 

CMe.H, = H~C C— C- 

J i I M 



H H 

u 



On the other hand, monadelphic formnlip, if they contain ■ 
sufficient nnmbcr of carbon atoms, can bo expanded into diadeU 
phic, triadelphic, Ac, formnlte in the following manner : — 



GRAPHIC FORMUL.E. 



propjlatod meihyl. 



rCEtH, 
rCPrH,_ I CH, 
\CPrH,~lCH3 ' 

LCEtH, 



CH, CH, 

CH, _ J CH. 
CH, -ICH," 
CH, CH, 

tCMeH, 1 CH, 
LCHa 

This development of uormal butyl depends on the following 
facte : — 1st, that normal batjl is propylated methyl ; 2nd, 
that normal propyl is ethylated methyl ; and 3rd, that ethyl 
ia methylated methyl. 

Secondary and tertiary organic radicals {; 
he completely developed vertically 

"CH, 

■CMeH, ' 

I" CEtMeH _ J CMeH _ J CMeH 
\CEtMeH - ] CMeH ~ *i CMeH 



4 



I. 10) cannot 



rcH, n 

CH, 

CMpH ( 



CMeH, 



CH, 



f CMej _ j CMe, 
\CMe, - 1 CMe^ 

Triincthj'taWil I CHa 



CH, 
LCH, 
fCH, 

J C(CH,){CH-,) 
■ "i C(CH,)(CHs)- 
LCH, 



CH, 
CH, 

CH{CHj) 
CH(CH,) • 

; CH, 

LCHj 



It will be seen, on comparing the above formnlEe with the 
graphic representation Of the respective compounds, that both 
expresa the same ideas of constltation. Thus in the developed 
3ym.bolic formula of normal butyl it ia evident that the two J 
extreme carbon atoms are each united with three atoms o£fl 
hydrogen and one of carbon, and all the intermediate carbon 1 
atoms with two of hydrogen and two of carbon, exactly ao-l 
shown in the following graphic representatio 
H 
I 



H H H 

-U-L 


H H H H 

-hJJo-i- 


Bl botyl or propjl 


1 1 1 1 
H H H H 

edmetmi. (Molecule.l 
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From the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
nnited with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are nnited with one atom of 
carbon and three of hydrogen, that the intermediate carbon 
atoms are joined to two hydrogen and two carbon atoms, and 
that the remaining carbon atoms are each combined with one 
atom of carbon, and three of hydrogen, thus : — 

H 

I 



H H 

I I 
H H 



C— 

I 
H 



H H H 



C— C— C— H 

I I 
H H 



H— C— H 



H 

M)eth7lo-«th7lated methyl. (Molecnle.) 

Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen and one of carbon, thus : — 

H H 



i-L 



H 



H— C— H 



H 



H— C- 



C- 



H 



C 



C— H 



H— C— H 



H— 0— H 



i 



H 



Trimethylated methyl. (Molecule.) 
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CLASSIFICATION OF ORGANIC COMPOUNDS. 

The most important organic oomponnds can be conveniently 
divided into the following thirteen families : — 

1. Organic radicals. 

2. Hydrides of organic radicals. 

3. Alcohols. 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes. 

7. Acids. 

8. Anhydrides. 

9. Ketones. 

10. Ethereal salts. 

11 . Organic componnds containing triad or pentad nitrogen. 

12. Organo-boron and silicon componnds. 

13. Organo-metallic bodies. 



CHAPTER II. 

OBGANIO RADICALS. 



This family of organic componnds is divided into two 

classes : — 

Class I. Positive radicals. 

Class II. Negative radicals. 

Class I. 

POSITIVE BADIGALS. 

Monads. 
Methyl or (C«H2«+i)2 Series. 
Vinyl, Allyl or (C«H2n-.i)2 Series. 
Phenyl or (CnH2»-7)2 Series. 
Naphthyl or (CnHj„«i3)2 SexieB. 



ORGANIC RADICALS 

Dyada. 
Ethylene or C„H,„ SerieB. 
Acetylene or C,H„_, Series. 
Phenylene or CHj^j Series. 

Triads. 
Glyceryl or (C„H,„_0"', Seriei 



Class I. 

POSITIVE RADICALS. 

MONADS. 

METHYL or (C,H„+0, SERIES. 



These radicals are divided into t] 
Secondary, and Tertiary : — 



e sections, viz., Normal,* 



General fonnulfe. 



1. Normal Radicals < n/c ct'"* \tt'- 

|_ C.(Oiitl!n+lJils 

rO(C.H„t,),H 
■ 1 0(C.H„,),H- 

ro(c.H„+o. 



. Secondary Radicals 
. Tertiary Radicals . , 



In the first of the above formulie n may = 0, but in f 
others it mnst be a positive integer. 

Examples of the tertiary series of radicals may be Been 
the tertiary alcohoU and tertiary fatty acids. The radicals 
them.selvea have not yet been isolated. 

It is evident that, besides tbe three series of radicals shown 
above, three other series, containing, ia the same raolecnle, 
normal and secondary, normal and tertiary, and secondary 
and tertiary radicals, may exist; but ap to the present time 
only one or two examples of such radicals are known. 

By the action of zincio ethide on the chloride obtained 
from acetone by means of phosphoric chloride, a hydrocarbon 

• Some writers ou cheniiBtpj employ the tenu " primarj " instead of 
"normal," reiorviiig tbe latter terro to designate those compounds 
whioli tbe syciboUc chain of carbon atoma hoa no bnmches. 
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is obtained, whicli may be regarded as a mixed normal and 
tertiaiy monad positive radical : ethyl etho-dimethomethyl or 
ethyl isoamyl : — 



fCH, 
I CMeCl, 

Chloride from 
acetoae. 



H- ZnEtj = ZnCla 4- 



Zindc 
ethide. 



Zincic 
chloride. 



/ CMeaEt 
I CMeH, • 

Ethyl etho-dime- 
thomethyl. 



1. Normal Radicals, 

This series contains the radicals of the methyl series of 
alcohols. 

These radicals also enter into the composition of the 
normal series of fatty acids. 

The following list contains all the radicals of this section 
that have been hitherto obtained : — 

Boiling- 
points. 



Methyl 



Ethyl 



/Me r CHa. 
i Me' "'^ i CH3 



/Et 
\Et' 



fCH, 

r CMeHj J CH, 

•'^ 1 CMeH,' ""^ CH, 

LCH, 



not known. 



about -23°. 



Propyl 



Butyl 

Amyl 

Caproyl . . . 



r Pr r CEtHa J 

IPr' ^^ ICEtHa ^^^ 



/ Bu r CPrHa 

\ Bu' ^"^ 1 CPrHa 



CH2 
CHa 
CHa 
CHa 
CH3 



+ 68°. 



/Ay r CBuHa 

\ Ay' ^^ \ CBuHa 



119°. 
159°. 



{cIJh: •••• 2020. 



Preparation. — 1. By the action of zinc on the iodides of the 
normal radicals : — 

2C(C.H..0H,I + Zn = Znl. + {gg^g^lt'^J^- 
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Part of the liberated radical is at the same time decomposed 
into the hydride of the radical nnd the corresponding dyad 
radical : — 



+ [C(fJ^„+OH]". 



rC(C„H,„+,)H, _ rC(C„H,,+,)H, 

A remarkable special method for preparing ethyl conaiBts ii 
esposing inereiiry and ethylic iodide to the influence of son 
light :— 

""■^ ■ Hg = Hgl, + Et,. 



2Etr 



2. By the electrolysis of the salte of the normal fatty aoids. 
In this process the electropositive metal goes to the negatiTe 
electrode, and the rest of the molecnle splits np into two 
gronps ; thus with a, potassium salt ; — - 



r 0(C.H„,)H, 



■ mised radios 



Mel 






!„rO(C.H, 
I + 200, + K,, 

8. By acting with zinc upon the iodides of two 
Bimnltaneously, the so-called double 
prodaced r — 
Mel + EtI + Zn = Znlj + I 



ETHYL. 



; OMoH, 
t CMbH, 



ftoleeular weight : 



H- 



I 
-C- 

I I 



H H 

I I 



I 



J^oleeular volume |~r~i - 1 litm 
elhi/l gas weig/is 29 criths, Boih at about — 23° 0. 

pT^aration, — By digesting together in a close \ 
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120° ethylic iodide and zinc, the reaction being similar to 
that between hydriodic acid and zinc : — 

Zn 4- 2HI = Znl2 + |g. 

Hydriodic Zincic Hydrogen, 

add. iodide. 



Zn + 2EtI = ZnL + 



/Et 
lEf 



EthyUc Zindc Ethyl, 

iodide. iodide. 

2. Secondary Badicah. 
Two secondary monad positive radicals are known : — 

Isopropyl I CM^H ^^^® ** ^^° 

Amyl-isopropyl . . | Qg^^ • „ „ HO* 

VINYL OB ALLYL SERIES. 
General formula. . ( S^/n^S'^'S'. 

The first member of this series, vinyl, has not yet been 
isolated. 

ALL7L. 

C3H5 rC(CMe"H)H3 

C3H5 ^^ lC(CMe"H)H; 

H H 

— C— C^— H 



{ 



H— (Qj— c— 

III ... 

H H H H H H 

Moletmlar weight = 82. Molecular volume I I 1 ' 1 litre of 
allyl vapour weighs 41 criths, Sp. gr, 0*684. Boils at 59°. 

Prepa/ration. — By digesting allylic iodide with sodinm, and 
then distilling : — 

Na. + 2C(CMe"H)H,I = | of CMe'-HiHl + ^Nal. 

AUfUc iodide. Allyl. ^ofti<6Vj^^fc. 
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Character, — Bromine and iodine nnite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
ponnds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrahromide, four latent carbon bonds in the 
molecule of allyl have become active, and have united with 
four atoms of bromine :— 

fC(CMe"H)H2 . T^ _ f C[C(CH2Br)BrH]H2 
lC(CMe"H)H2 "•■ ^^* - \ C[C(CH2Br)BrH]H3- 

Allyl. Allylic tetrabromide. 

An analogous case is met with in ferric chloride, where two 
tetrad atoms, united by one bond of each, become together 
hexadic : — 

f PeCls 
\ PeCls' 

Allylic monobromide can only be obtained by the action of 
phosphorous tribromide on allylic alcohol : — 

3C(CMe"H)H2Ho + PBrg = 3C(CMe"H)H2Br 

Allylic alcohol. PbosphorouB AllyMc monobromide. 

tribromide. 

+ POHfloz. 

Phosphorous acid*'. 



PHENYL SERIES. 
General formula. . ( S-S'^l 
The following have been isolated : — 



P^-y' {c,h:- : 

««-y» {Sl:fc5:]- 



PHENYL SERIES OF RADICALS. 
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Amyl benzene or amjl phenyl. . CeHsCCsHn) 



CAy-i 
}CH 
CH 
CH 
CH 
CH J 

CAy 

CH 

)CH 
Amyl toluene or amyl tolyl . . C6Hi(CH3)(C6Hn)="{Q^ 

CH 
CH-J 
Amyl xylene CeHj(CHs),(C5Hi,). 



PHENYL.. 

/CeH« 
iCeH^- 



H H 



i 



I 

=c 



K— C 



/ 



\ 



c— c 



H H 

u 

/ \ 

C C 

% ^ 

0— c 

I I 

H H 



— H 



Molecular weight = 154. Molecular volume QD* 1 ^^^^^ ^f 
phenyl vapour weighs 77 criths. Fuses at 70'5°. Boils at 
254°. 

JPrepa/ration. — 1. By tie action of sodium on phenylic bro- 
mide: — 

2C6H5Br + Na2 = {%^^ + 2NaBr. 

Phenyl. 



Phenylic bromide. 



Sodic bromide. 



2. By passing the vapour of benzene through a red-hot 
tube: — 

2C6H6 = s c!h* "^ ^^' 



Benzene 



Phenyl 
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BeacHon, — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid : — 



{ 



CeHs 
CeHs 

Phenyl. 



+ Br. 



= { 



C6H4Br 
CfiHiBr 

Bromphenyl. 



+ 2HBr. 

Hydrobromic 
add. 



NAPMTHYL SERIES. 



General formula 



•{ 






The radical naphthyl has alone been isolated, but it is 
known in three isomeric modifications, distinguished as 
aa-, ^^-, and a|S-naphthyl (see p. 71). 



NAPHTHYL. 



{ 



C10H7 

CioH7* 



H 



a 



aa-Naphthyl. 



H— C C C— H 

H-i I U 



H 
H 



H H 
H H 

A A 



H 



H 



-A 



c 



c 



^^\./% 



G 



C— H 

A- 



H 



C C- 



/3/3-Naphthyl. | [| I 

^_c 6 c— ] 

H H 



I I 

H H 

H H 

I I 

G G C— H 



H— C C C— ] 



H H 
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a/3-Naphthyl. 



H 

A /\ 

H— C C C— H 

I II I 

H— C C C— H 

I I 

H H 



H H 

c c c- 



a 



C 



L 



H 

H 






Molecular weight = 254. Molecular volume □□• 1 I'^^f^ of 
napJithyl vapour weighs 127 criths. olol fuses at 154°; /3/3 at 
187** ; a^ at 76°. All three boil about 440°. 

Preparation. — 1. By the action of sodiam on naphthylic 
bromide : — 

2CioH7Br + Nag = {cIoHJ "^ 2]SraBr. 

Naphthylic Naphthyl. Sodic bromide, 

bromide. 

2. By treating naphthalene with oxidising agents : — 



2CioH8 4- 

Naphthalene. 



0= { 



C10H7 
C10H7 

Naphthyl. 



+ OH2. 

Water. 



CHAPTER III. 

POSITIVE BADIGALS. 

DYADS. 

ETHYLENE or CnS^n 8EBIE8. 

Preparation. — These compounds are produced as follows : — 

1. In many cases of destructive distillation, where, how- 
ever, the reaction cannot be traced. 

2. By the abstraction of the elements of water from the 
normal monohydric alcohols of the methyl series, as for in- 
stance : — 

VOL. II. Ci 
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CHaHo - ICHs "^ "^*- 

Ethylic alcohol. Ethylene. Water. 

3. By passing the vapours of the haloid componnds of the 
normal monad radicals of the CnSin+i series over heated 
lime, thus : — 

CH2CI " ICH2 **■ ^^^- 

Ethylic Ethylene. Hydrochloric 

chloride. acid. 

4. By the transformation of the monad radicals at the 
moment of liberation from their compounds, when they spHt 
into dyad radicals and the hydrides of monad radicals : — 

rC(CH3)Ha _ ,,fCH, , rCHs 
\C(CH3)H, - \CH, + \CH,- 

Ethyl. Ethylene. ' Ethylic 

hydride. 

5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

rcH, rcH, _ „ J „fCH, rcH, 

lCH,I + ICH^a - ^*^ + lOH, + \CH,- 

Ethylic Sodic Sodic Ethylene. Ethylic 

iodide. ethide. iodide. hydride. 

6. Methylic iodide and allylic iodide dissolved in ether and 
digested with sodium in sealed vessels produce methyl-allyl, 
an isomer of butylene : — 

CH,I + "}0H + Na, = 2NaI + /X^' 

Methylic Allylic Methyl-allyl. 

iodide. iodide. 

7. By the action of zincic ethide on allylic iodide, ethyl- 

allyl, isomeric with amylene, is obtained : — 

rCH, 

ZnEtj + 2 "}CH = Znl, 4- 2 

Zincic Allylic Zincic ^ CH2 

ethide. iodide. iodide. Ethyl-allyl. 



CH or Jen,. 
CHjEt ^ OH, 



ETHYLENE SERIES. 
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8. By treatment of vinylic bromide (brominated ethylene) 
with zincic ethide, ethyl-vinyl, isomeric with bntylene, is pro- 
dnoed : — 

ZnBt. + 2"{g]^^ = ZnBr, + 2"{g||,, or fg^. 



Zincic 
ethide. 



Vinylic 
bromide. 



Zincic 
bromide. 



Ethyl-Tinyl. 



Methyl-allyl is stated to differ from ethyl- vinyl, but in this 
case a migration of atoms must occur daring one of these 
reactions, and the corresponding symbolic formula here given 
is incorrect. 

Character. — The lower members of this series of dyad radi- 
cals are gaseous, the higher solid, and the intermediate ones 
liquid. 

The following list includes the known dyad radicals of this 
series, together with their fusing- and boiling-points :— 



Fosinj?- 
point. 



Boilini;:- 
point. 
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Ethylene C2H4 

Propylene C^Bia 

Pseudobutylene CiHg 

Isobutylene CiHg 

Butylene CiHg 

Amylene C5H1 

Hexylene CeH] 

Heptylene or Giuanthylene CtHu . . . 

Octylene or Caprylene .... CsHie . . . 

Nonylene C9H18 . . . 

Paramyleno C10H20 . . . 

Cetene CieHsj . . . 

Cerotene C27H54 . . . 

Melene CgoHao . . . 

Beactions, — 1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are repreaeTi\.tt^\i^ 



-17-8^ 

- 7-0 

- 6-0 
4- 3-0 

350 
39-0 
65-0 
960 
125-0 



57° 
62 



2750 
3760 



r OH,ci 

1 CH,Cl 



ORGANIC RADICALS. 

I CHiBr 
\CH,Br 



rcH,i 

\ CHJ- 



These conipounda, when treiited with alcoholic BoIntioBd 
putassic hydrate, lose one molecule of a hydracid, thns :— 



OBi 



«l^ykne. 



The monochlorinated radical tliuB obtained again nnites 
with two atoms of chk>rine, producing chlorinated ethylidenic 
dichloride, 

/ CHiCI 

\ CHCICI' 

which, by further treatment with alcoUoJic potash, yields nn- 
symmetrical dicblorinated ethylene; end ho, by alternate 
treatments with chlorine and potasaio hydrate, ethylene be- 
comes transformed into tetraehlorinated ethylene. Tbe fol- 
lowing formula; show the first, intermediate, and final com- 
ponnds : — 



ICH, 



r CH.ci „ ; CH, f CH,ct 

lCH,Cl ICHCl ICHClCl 



fCH, 

lea. 



rcH,ci ,jCHci rcHcici „rcci, 
\cci.ci \ccii tCOliCl iccv 

Tetrachlorinated ethylene absorbs two additional atoms ot 

I chlorine, prodacing the solid dicarbonic bexacbloride 
r cci, 
2. The dyad radicals of the ethylene series can b 
formed into the monad radicals from which they are derived. I 
If ethylene be digesfed with bydriodic acid for 50 hoo^^ 
100" C, it is transformed into ethylic iodide: — 



ETHYLENE AND ETOYLIDEKE. 






\ CHJ- 



From this ethyl may be prepared, as shown at p. 12. 
Is<mieri»m of ethylene and ethylidene compounds. — The chlo- 
rides of the dyad radicals are isomeric; — 

1. With the chlorides of the monochlorioated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlori- 
mited norcQal monad radicals : — 



f CH,Ci 
\ CH,C1 



fCH, 
1 CHCl, 



/CH, 
\ CHCV 



These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride : — 



rcH,ci ^ 

t CH,C1 + 

dicblnride. 

fCH, 



\ CHCl ^ 

vinylic 
., f CH, 

ICHCl 

VinjUc 



OH, + KCl. 



Bnt certain componnds of ethylene yield hydracrylic acid, 
vrhilst the corresponding componnds of ethylidene give lactde 
atnd. The boiling-points of their clilorides also differ, ethy- 
lenic dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 57°'5 ; on the other hand, etbylenic oxide boils at 
13°'5, whilst ethylidenic oside (aldehyde) boils at 21°, 

The oxides of the dyad radicals are isomeric : — 

1. With the oxides of isomeric dyad radicals. 

2. With the corresponding aldehydes. 
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3. Witli the ketones containing tlie same nnmber of atoms 
of carbon. 

4. Witli tlie alcohols of the allylic or C«H2„_iHo series. 
The nature of this isomerism is seen from the following 

formulsB : — 

rcHa rCH2-^ rcHa rcHa /^iCHa 

<^CH^ <^ CH,0 <CH, <C0 ]CH . 

[CHr LCH,-' LCOH [CHa iCH^Ho 

Propylenic Trimethylenic Propionic Acetone. Allylic 

oxide. oxide. aldehyde. alcohol. 

All of these compounds are known. 

ETHYLENE. 
H H 



"{c£ H-C-C-H 

Molecular weight = 28. Molecular volume I i l » 1 litre weighs 

14 criths. 

Preparation, — See general methods (pp. 17 and 18). 
Beactions. — 1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube : — 

"{c§: = CH, + c. 

Ethylene. Marsh- 

2. Bums in chlorine with deposition of carbon : — 

"{ceI + ^^^* = Ca + 4HC1. 

Ethylene. Hydrochloric 

acid. 

3. Ethylene when agitated with solution of potassic per- 
manganate is oxidized, oxalic acid, formic acid, and carbonic 
anhydride being formed :— 

CaH4 + 60 = {cSho "^ ^^^- 

Ethylene. Oxalic Water. 

acid. 
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CH* + 60 = {cOHo "•" ^^» + ^^'- 

Ethylene.. Formic acid. Carbonic Water. 

anhydride. 

Ethjlidene, the isomer of ethylene, has not yet been iso- 
lated. The constitutional formula of ethylidene is 

H 



{ 



G H3 H — C — H • 

"CH • I 

H— C 
U 



ACETYLENE or CnH^n-a SERIES. 

Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members : — 

Acetylene C2H8. 

AUylene C3H4. 

Crotonylene C4H6. 

Yalerylene CsHg. 

These radicals stand in the same relation to the alcohols of 
the allylic series as ethylene bears to ethylic alcohol. They 
are also capable of assuming tetrad functions. 

ACETYLENE. 



'"C\-E, or I !)g^. H— 6^— H or ^^S~~S"~^ 



Molecula/r weight = 26. Molecular volume \ \ ! « 1 litre weighs 
13 criths. Liquefies at 0° under a pressure of 21 "5 atmo- 
spheres. Critical point 37°. Sp. gr, of liquid at 0° 0*451. 

Preparation, — 1. By synthesis from its elements. When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 
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L 


_ 2, By the action of water on pofcaeBJc or calcic carbid^Pi^| 


■ 


■ C,K, + 20H, = C,H, + 2KHo. 


I 


H Polamlu Wsttr. AaililBne. PDMaiic 
■ «TbW.. hjarata. 


■ 


1 C,Ca" + 2 OH, = CH, + CaHo,. 


I 


H Cali-k- IVntpr. Awlylene. Cslcle 
H orbide. bydrale. 


F 


3. By the notion of heat npon olefiaot gas or the vapour of 




alcohol, ether, or wood-spirit, or by passing electric sparks 




through marsh. gas : — 




2CH. = C,H, + 3H,. 




Manh-gaa. Aat;leae. 


, 


4. By heating the vaponr of methylic chloride to low red- 




2CH.CI = C,H, + 2H01 + H,. 




MeiUjlil! AcPtjIeno, njflrDchlQric 
Lhloiirte. add. 




5. By passing the vapour of ohlorofonn over ignited cop- 




per:— 




2CHCI. + Cn^ = C,F, + 3'Cu',Cl,. 




™™"™- ''^^'"^- SK. 




6. From Tinylio bromide, one of the derivatives of ethy- 




lene, acetylene may he obtained by the action of alcoholiti 




potash :— 




C,H,Br + EHo = C,H. + KBr + OH,. 




brSSid'e. h?™l«. '"'"' toLidc. 




7. By the incomplete combastion of bodies containing oata 




bon and hydrogen : — ^^^H 




4CH, + 30, = 20,H, + 60H,: ^^| 




M^.-^. H 




2C,H. + 0, = 2C,H, + 20H,. ^H 




~- ^-^ H 




The crude acetylene, obtained by any of these processa^lH 


1. 


best purified by passing it through an ammouiacal aolntion of 1 
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cnprons chloride, with which it forms a red precipitate, con- 

rCa'CuaH Cn-Cu Ca-Ca 

taining < . | | | | 

[ Ca'Cu'aH H— C— C— 0— C— C— H 

r Cj'Cii'aH 

2'Cu',Cl2 + 2C2H2 + OH2 = < O + 4HC1. 

Cnprotis Acetylene. Cuprosovinylic Hydrochloric 

chloride. ether. (Acetylide acid {. 

of copper.) 

If ethylene has been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to flecompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 



{ 



C2'Cu'2H 

O + 4HC1 = 2C2H2 + 2'Cxi\CU + OH2. 

C2'Cu'2H 

Caprosovinylic Hydrochloric Acetylene. Cuprous Water, 

ether. (Acetylide add. chloride, 

of copper.) 

Heactions. — 1. When cuprosovinylic ether is heated with 
zinc and dilute ammonia, the nascent hydrogen, evolved by 
the action of the zinc upon the ammonia, unites with acety- 
lene, producing ethylene : — 



{ 



C/Cu'jH 

O ^ -h 2H2 = 2C2H, + 4Cu + OH,; 

C2'Cu'2H 

Cuprosovinylic Acetylene. Water, 

ether. 



02^2 -|- H2 = C2H4. 

Acetylene. Ethylene. 

2. Acetylene unites with bromine, forming acetylenic dibro- 
mide : — 

C 2-H.2 "h Br2 = C 2H2Dr2. 

Acetylene. Acetylenic 

dibTomid^e, 



nt 



26 ORGANIC RADICALS. 

This compound combines in its turn witli another molecule 
of bromine, forming acetylenic tetrabromide : — 

"C''2H2Br2 -h Bfj = C2H2Br4. 

Acetylenic Acetylenic 

dibromide. tetrabromide. 

3. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is formed : — 

rcH „f. _ rcoHo 

Acetylene. Oxalic add. 

Carbonic anhydride and formic acid are simultaneously 
produced : — 

'ic5 + 2O2 = {goHo ^ CO^- 



BROMAGETTLEN£. 
CzHBr. 

By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, 
which is bromacetylene : — 

{cHBrBr ~ "^-^^ "^ -^^^ "*" ^2^^^- 

Dibromethylenic Hydrobromic Bromacetylene. 

dibromide. acid. 

FHENYLENE or CnB.2r^s SERIES, 

The dyad radicals of this series are very little known. 
The following has been isolated : — 

Benzylene or Stilbene, " | c(cIh5)H* 

POSITIVE BADIGALS, 
TRIADS. 
These radicals are unknown in the separate state, unless 
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they are identical with, the dyad radicals of the acetylene 
series : — 

Acetylene. Fonnyl. 

They are, however, well known in a numerous class of 
compounds belonging to families which will be studied here- 
after. 



CHAPTER IV. 

ORGANIC RADICALS. 

Class II. 
NEGATIVE EADIGAL8, 



Every positive radical may be looked upon as the source of 
a negative radical, which is generated by displacing a portion 
of the hydrogen of the former by oxygen. Thus : — 

E'^'yl {Sh: yields acetyl (ggg. 

Allyl {%^ „ acyl (g^HsO 

Ethylene (C2H4)" „ glycolyl (CH^O)". 

Propylene (CaHe/' „ lactyl (CaHiO)". 

„ „ malonyl (C3H2O2)". 

The constitution of the so-called compounds of these nega- 
tive radicals may, however, be more simply explained from 
another point of view ; and, in fact it will rarely be necessary 
for us to recognize the existence of more than two negative 
radicals, in order to understand the whole range of negative 
•organic compounds. These are : — 



Cyanogen < Qjq^//'. -N — C- 



— C— N 
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Oxatyl, the molecule 
of whieii is dry 
osalic acid. 

rhese two radicals a 



rcoHo 

I COHo' 



o=c- 

I 



-c=o 

I 



! the 



cidifying principles of v 



all organic acids ; they are, therefore, highly important coo- 
ponnds. The semimolecule of each conaista of an atom of 
carbon, oiio bond of which is free to combine with other 
elements or groups of elements, the other three bonds being 
saturated, in cyanogen by triad nitrogen, and in osatyl Vy 
one atom of oxygen and one semimolecule of bydroxyl. In 
the molecules of both, the two free bonds of the carbon Sftto- 
rate each other. 

These radicals are closely related to each other, Thns, 
cyanogen be disaolved in water, it is soon trauaformed i 
ammonic oinlaf e : — 



f CS'" 
I CN'" 



40H, 



/ COCN'H.0) 
1 GO^N'MiO) 



In the presence of potassic hydrate, cyanogen evolv' 
and produces potassic osaiate ; — 




TVom these salts oxalic acid, or the molecule of osatyl, 
be readily obtained by the action of sulphuric acid. 

In the converse manner, oxatyl may be concerted into 
nogen, by transforming it into ammonic oxalate and 
mitting this salt to the action of heat : — 



rOOCN'H.O) _ 40JJ 

Ammonic oxulale. Witcr. 



r ON'" 

\ ON"- 



i 
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CTAKOGEK. 

1 CN'" ^^ ^*' 

Molecular weight = 52. Molecular volume m - 1 /«/re vreigls 
26 cn/A*. Fu^e* <rf —34°. ^oiT* a* -2<>°-7. 

Occurrence. — Amongst the gases of blast furnaces, — a proof 
of its witlistanding an extremely high temperatnre. 

Preparation. — ^By the action of heat on mercuric cyanide: — 

HgCy, = Hg -h Cy,. 

Meicoric Cjanogen. 



This equation only partially expresses the reaction, as a 
brown non-volatfle compound (paracyanogen), Cy., is simul- 
taneously produced. 

Beaction. — 1. Cyanogen unites directly with potassium : — 

Cy, + K, = 2KCy. 

Cyaiiogen. Pocaasic 

cjanide. 

2. Cyanogen acts upon zinc ethyl, yielding zincic cyanide 
and abnormal ethylic cyanide (propionitrile) : — 

^{cN "^ ^^^^ "^ 2Et(CN) + Zii(CX),. 

Cjuogen. ZineethTL Proiaoiiitnle. Zincic cyanide. 



HTDBOCTANIC ACID. 
{5(,orHCy. 

Molecular weight = 27. Molecular volume { | | - 1 litre of hy^ 
drocyanic acid vapour weighs 13' 5 criths. Sp, gr. of liquid 
0-7058. Fuses at -15°. Boils at 26°-5. 

Preparation, — 1. In the anhydrous condition, by passing 
hydrosulphuric acid over mercuric cyanide : — 

HgCy, + SH, = HgS" + 2HCy. 

Mercuric S«ilpharetted Mercnric Hydrocyamc 

cjanide. hydrogen. sulphide. acid. 
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2. By di«tilling potassic cyanide, or ferrocyanide, with 
dilate nalphnric acid : — 

2KCy -h SOjHo, = 2HCy + SO.Ko,. 

PotAwfe Sulphuric Hydrocyanic Potaasie 

ej^aUie. acid. acid. sulphate. 

3. By panning nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

COKo, -h C4 + N, = 2KCy + 3CO. 

PotaMic Potasfiic Carbonic 

^.art>onat«. cyanide. oxide. 

The pota«ftic cyanide thus formed is then treated according 
to procewi No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate : — 

NH, -h CHCla -t 3KHo = 3KC1 + NCH -h 30H,. 

Ammonia, Chloroform. Hydrocyanic 

acid. 

Beaciiorui. — 1. Hydrocyanic acid in contact with water 
slowly passes, partly into ammonic oxalate as mentioned at 
p. 28, and partly into ammonic formate : — 

NCH + 20H, = {cO(N''H.O). 

Hydrocranlc Water. Ammonic 

acid. formate. 

2. If hydrocyanic acid be mixed with concentrated hydro- 
chloric acid, formic acid and ammonic chloride are pro- 
duced : — 

NCH 4- 20H, + HCl = {cqHo + NH4CI. 

Hydrocyanic Water. Hydrochloric Formic Ammonic 

add. acid. acid. chloride. 

3. The displacement of the hydrogen in hydrocyanic acid 
by metals gives rise to a very extensive series of single and 
double cyanides. The following is a list of the most important 
of these compounds : — 



SINGLE AND I»Ol"BLB CVASniES. 



Sitii/lB Cyanides. 

Potaasic cyanide KC7. 

Zincic cyanide ZztQj,. 

Cadmic cyanide CdCyj. 

Nickelons cyanide NiCji. 

Argentic cyanide AgCy. 

Mercnric cyanide HgCyj. 

Anrons cyanide AnCy, 

Cnprona cyanide 'Cu'iCyj. 

Perrons cyanide PeCyj, 

Cobalfcous cyauide CoCj-j. 

Double Cyanides. 

Dipotaesic zincic tetracyatiide KiZn", Cy,. 

iJipotaasic cadmic tetracyaaide KjCd", Cy4. 

Dipotassic nickelona tetracyanide KsNi", Cyj. 

-Potasfiic argentic dicyanide KAgr, Cy,. 

Potassic anrons dicyanide KAn, Cyj. 

PotaAsic auric tetracyanide KAu'", Cyi. 

Dipotassic caproas tetracyanide Kj'Cn'j, Cy,. 

iDipotassic platinoua tetracyanide KjPt", Cyi, 

^ Tetrapotasaic diplatisic decacyniiide KtiTt'^jCym. 

I Tetrapotasaic fetrona hexacyanide. {Po- 

I tassic ferrocyanide.) K,, Fe"Cyj. 

[ Hexapotaasic diferric dodecacyanido. (Po- 

'' tasaic ferri cyanide.) Ks, 'Fe"']Cyii. 

Heaaipotflssic dicobaltic dodecacyanide. 

( Potasaic cobalticyanide.) K(,'Co"'2Cyi,. I 

Sexapotaaaic dichromic dodecacyauide . , Et,'Cr"'jCyi,, 

I Sexapotassic dimanganio dodecacyanide . . Ka'Mn"'j, Cyii. I 
L The cyanides of tbe alkali metals when fased in contact J 
Uitti-iur, absorb oxygen, producing cyanatcs 
^E KCj + O = CjKo. 

IS~8oi 



Some of the 






potassic cyanide, are T«ad\\f 4 
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decoraposed by acids ; othere, as feirona and anrous cyanidw, 
maj be boiled with moderately strong acida withoat deoont 

Most of tbe insolabte single cyanides dissolve in. Bolntions 

of the alialino cyanides, forming double cyanides. Someot 
I these double compounds, when acted upon by hydrochloric 
I acid, evolve hydrocyanic acid, producing chlorides of both 
I metals, as in the case of dipotaasic zincic tetracyanida. These 
^are called easily decomposable q/ani'des, and are indicated in 
I the above Table by the comma being placed between the 
I'OyaDogen and the metals. 

Other double cyanides do not evolve hydrocyanic ftd^ 
Bunder the influence of hydrochloric acid, but prodnco t, 
tohloride of one of the metals, the remaining elements of tlio 
J.oomponnd nnitiog with hydrogen to form a complex acid, 
pin the above Table the double cyanides of this class are 

indicated by the comma being placed between the metals. 
The most important of these double cyanides are the po- 

tassic ferrocjanide K,, Fe"Cj8, and the potassio ferricjanide 

K„ 'Fe"',Cy„. 






POTASSIC FERROCYANIDE. 

Ki, Fe"Cy, or EiCfy. 
Preparation, — 1. By placing a mixture of iron filings anJ- 
solution of potaBsic cyanide in contact with the air, oxygen i*- 
absorbed and potassie ferrocyanide produced : — 

Fe + 6KCy + OHj + = K:.F.'"Cy6 + 2KHo. 

2. By digesting potassie cyanide with ferrous sulphide: — 

FeS" + 6KCy = K,P6"Cy, + SK„ J 

Feirona Potaislc Potsislc Pntasilc 

nil^pbide. cjuiiile. FeiToc^uUde. aulpTiida. 

3. On a mannfactnring scale it is prepared by fusing nitro- 
genous animal matter with potassie carbonate and iron filings 
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in iron TesBda, lixiviating the resulting mass 'with 'wator, and 



Readitms. — 1. Potassic ferrocjanide, when fused with po- 
tassic carbonate, forms potassic cyanide and cjanute : — 

Fe"Cy.K4 + COKo, = 5KCy + CyKo + Fe -f CO,. 

Potassic Potaflsio Potassic ('urt)onlu 

cartxHiate. cyanide. cyanate. auhydride. 



2. By mixing solution of potassic ferrocyanido with ether 
and hydrochloric acid, hydroferrooyanic acid is ])recipi- 
tated: — 

re"Cy.K4 + 4HC1 = 4KC1 -f Fo^CyaH*. 

Potassic Hydrochloric Potassic IIydrof»rr<K7anic 

fenocyanide. acid. diloride. auld. 

3. Potassic ferrocyanide produces, with solutions of forrouH 
salts, a light-blue precipitate, which rapidly becuuioH durk 
bine in contact with the air : — 

Fe"Cy.K4 + SOaFeo" = Fe'^CyeFe^K, + S(),Ko,. 

FotaSBic Ferrous Light-blue I'otUHnU: 

ferrocyanide. sulphate. precipitate. sulphate. 

4. With ferric salts it gives prussian blue : — 
SFe^CyeK* -h 2Pe2Cle = 3Fe"Cy2, 2'Fo"',Cy« + V2KCA. 

Potassic Ferric Prussian blue. PotaHHic 

ferrocyanide. chloride. chlorido. 

5. With cupric salts it gives a red precipitate of cuprici 
ferrocyanide : — 

KiFe^Cy. + 2SO2CU0" = Cu"aFe"Cj^e + 2SO«Ko,. 

Potassic Cupric Cupric Potonflic 

ferrocyanide. sulphate. ferrocyanide. sulphate. 



POTASSIC PERRICYANIDE. 

Ke/Fe'^Cyw or K^Cfdy. 

Preparation, — By the action of oxidizing substances, such 
as chlorine or nitric acid, on potassic ferrocyanide : — 

2K4Fe"Cye + CI, = K^'Fe'^Cj,, + 2KC1. 

Potassic Potassic Potaaslc 

fBurocyanide. ferricyanide. c\\\ot\^«. 

VOL. IT. D 
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Beaction. — Potassic ferricyanide produces no precipitate 
with solutions of ferric salts, but causes a deep-blue precipitate 
with ferrous compounds :— 

K«'Fe'"2Cyi3 + 3SO,Feo" = Fe"3'Fe'"2Cy,2 -h SSOsKo,. 

Potaflsic Ferrooa lulphate. Tombull's blue. Potaadc 

fenicyanide. sulphate. 



OTHER COMPOUNDS OF G7AK0GEN. 

There are two* isomeric chlorides of cyanogen : — 

CyCl. Cy3Cls. 

GaaeouB. Solid. 

I'he molecular vohtme of both cyanic chlorides is [ I | > 

1 litre of vapour of liquid cya/aic chloride weighs, , 30*75 cfiith. 

1 litre of vajpour of solid cyanic chloride weighs 92*25 „ 

Liquid cyanic chloride solidifies at —5°, and boils at 15*^*5, 
whilst solid cyanic chloride fuses at 145°, and boils at 190®. 

Cyanogen produces, with hydroxyl, three isomeric acids 
and an isomeric neutral body : — 

Cyanic acid CyOH or CyHo. 

Cyanuric acid (3 isomers) CyaOsHs or CysHos. 

Fulminuric acid CysOsHa or CysHosC?). 

Cyamelide Cy«0«H» or Cy«Ho«. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate :— 

CyK + S = CyKs. 

Potassic Potassic 

cyanide. sulphocyanate. 

This compound produces with ferric salts a blood-red 
colour. 

OXATYL. 

rcoHo 

1 COHo* 

This radical, in the isolated condition, constitutes dry oxalic 
acid; and in combination with hydrogen and other radicals it 
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enters into tlie composition of nearly all organic acids. Acids 
containing one semimolecale of oxatyl are monobasic, those 
containing two are dibasic, and those containing three are 
tribasic. 

The relations between methyl, oxatyl, and cyanogen are 
very simple :— 

H H 



H— C— 

I 
H 



Methyl. 



N— C— 



■C 



3{ 



CN'" 

Cyanogen. 



0=0— 



i 

I 

H 



— c-=o( 



o 

I. 

H 



COHo 
CDHo- 

Oxatyl. 



In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being 
saturated by three atoms of hydrogen.. In cyanogen the 
carbon atoms are united in the same manner, but the three 
remaining bondJs of each carbon atom are saturated by triad 
nitrogen ; whilst in oxatyl the three remaining bonds are 
saturated with the dyad element oxygen and the monad 
radical hydroxyl. 

Oxatyl has not been united with chlorrue to produce oxa- 
tylic chloride (COHoCl) ; nor has its hydroxyl been replaced 

{COCl 
COPr '^^G'^ treated with phosphoric 

chloride, it yields carbonic oxide and carbonic anhydride ; — 
I COHo "^ ^^^* = CO + CO, + 2HC1 + POCls. 

Ozat^l. Phosphoric Carbonic Carbonic Hydrochloric Phosphoric 

chloride. oxide, anhydride. acid. oxytrichloride. 



D 1 
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OXALIC ACID. 

I COH ' 2OH2 (crystallized). 

Occv/rrence. — In the form of the hydric potassic salt in 
Oxalis acetosella, and in the form of difEerent salts in many 
other plants, and also in the animal organism. 

Preparation. — 1. From its elements through the medium of 
potassic cyanide. (See pp. 28 and 30.) 

2. By passing carbonic anhydride over heated sodium : — 

2C0, 4- Na, = {gO^- 

^ Carbonic Sodic oxalate, 

anhydride. 

3. By the oxidation of a large number of organic com- 
pounds. Most organic substances are converted by oxidizing 
agents into oxalic acid before their final traDsformation into 
carbonic anhydride and water: thus sugar is transformed 
into oxalic acid by the action of nitric acid. 

4. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transformations, — 1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid : — 

rCOHo - CO -^ /^ 

Oxalic acid. Carbonic Formic acid. 

anhydride 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide ; — 



tCOHo 


= OH, 


+ CO. 


Formic acid. 


Water, 


Carbonic 
oxide. 



2. Substances having a strong attraction for water, such as 
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stilpfctiric acid, transform oxalic acid into water, carbonic 
oxide, and carbonic anhydride := — 

{cSi: = CO + CO, + OH. 

Oxalic add. Carbonic Carbonic Water. 

oxide. anhydride. 

3. Heated witli an excess of alkali, oxalic acid (or an 
oxalate) yields hydrogen and a carbonate : — 

IcOKo + ^^^"^ = 2COK02 -f H2. 

Potassic Potassic Potansic 

oxalate. hydrate. carbonate. 

4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

Argentic Carbonic 

oxalate. anhydride. 

Scdts of Oxalic Acid. — Oxalic acid forms three series of 
salts : — 

NormaL Acid. Superacid. 

r coKo r coHo r coho / coho 

I OOKo- 1 COKo* 1 COKo' \ COHo* 

^COHo 



(88=- 



CO 
Bao" 
CO 
COHo 



OXAMIC ACID. 

rCO(N"'H0 „ rcoAd 

\COHo °^ t.COHo- 

Preparation.— ^j heating hydric amnionic oxalate to 

230° :— 

rCO(N^H.O) _ /CO(N"'H0 . o„ 
\COHo - \COHo "^ "^'- 

Hydric amnionic Oxamic acid. Water. 

oxalate. 
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Reaction, — By boiling ozamic acid with water it is retrans- 
f onned into hydric amnionic oxalate. • 

OXAMIDE. 

f CO(N'"H0 / COAd 
1C0(N'"H2) ^^ ICOAd* 

Preparation, — 1. By distilling normal ammonic oxalate : — 
fCO(N'H.O) _ 20H 4- /CO(N"'H,) 

Normal ammonic Water. Oxamide. 

oxalate. 

2. By acting npon ethylic oxalate lay ammonia : — 

rCOEto ^ oNTT - /CO(N"'H,) , oFfHo 
IcOEto + ^"^' - lC0(N"'H,) + ^^^^°- 

Ethylie Ammonia. Oxamide. Alcohol, 

oxalate. 

Reactions, — 1. Oxamide, wlien heated with phosphoric 
anhydride, evolves cyanogen : — 

fCO(N"'H,) _ „o„ , fCN"' 

Oxamide. Water. Cyanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts : — 

rCO(N"'H.) , aoHo -1- 20H - /COHo 
\CO(N"'H,) + ^"'^°' + f°^' - \COHo 

Oxamide. Sulphuric acid. Water. Oxalic acid. 

■f S02(N^H40)2. 

Ammonic sulphate. 

By distilling the oxalates of the compound ammonias 
instead of ammonic oxalate, compound oxamides are ob- 
tained : — 

rCOrN^MeHaO) _ oriTT _l ;CO(N"'MeH) 
tcOCN^MeHaO) "" ^^^^ ^ lCO(N'"MeH)- 

Methylammonic oxalate. Water. Dimethyloxamide. 

fCO(N'PhH,0) _ 9nTT J. /CO(N"'PhH) 
tcO(N'PhHaO) - ^^^"^ + tCO(N"'PhH)- 

Phenylammonic oxalate. Water. Diphenyloxamide. 
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CHAPTER V. 

HYDRIDES OF THK OBGANIC EiDICALS. 

This iamil^ is divided into two clasBes : — 

Class I. Hydrides oi the Positive Radicals. 
Class n. Hydrides of the Negative Radicals. 

Class I. 
ETDBWE8 OF TSE POSITIVE BADIQAL8. 
Two series of hydrides belonging to thia class are i 
**iowii; they are;— 

1. Hydrides of the Radicals of the Methyl series. 

2. Hydrides of the Radicals of the Phenyl series. 

1. MTDBIBES OF TEE RADICALS OF THE 
METHYL SEBIBS, Marsh-gas or 0„Hj,+a Series. 
W'ith the exception of the first member of the series — marsh- 
B*« — these componnds are identical with the radicals of the 
metlijl series. Thus methyl and ethylic hydride both con- 
fMn CHj, and ethyl and bntylic hydride both contain C,H„. 
Trie graphic formulas exhibit no difference between these | 
pB-ifs of bodies respectively. Thas: — 



H 6 H 



J_C— H 
i I 
' H 



H H i H H 

11:11 



i i 



Hethjl ar etbjrlla bTdrlde. Eltiyl or lini 

These formulEe do not show us whethei 
laetlijl OP etfijiic hydride will separate at ( 
formnlft < ■.^* '' ". 



Btnted by the 
"fitten thus, i 



CHa 
CHj- 



IH 



rlic hjdrido- 

the molecule 
and so be repra- 
at b and 



be I 



whether the molecule of ethyl ( 
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bntylic hydriiie will separate at c, and so be formnlated 
1 H ° — '"' ^^ '^' ™^^^ '* slionld be represented bj 

fC(CH,)H, 
tC(CHs)H,- 
A difference between methyl and etbylic bydride can only 
' be conceived on the supposition that the foor bonds of carbon 
have not eqnal values in combination, a hypothesis which is, 
however, not altogefher nneupported by facts. 

Prepiiratinn. — 1. There is only one process of general appli- 
I cation for preparing these hydridps; it consists in bringing 
fcwRtor into contact with the ainc compounds of the respective 
liTadicals : — 



Zii(C»H,„+,)> + 2OH3 = ZnHoj + 



-1h 



HyilriHf of 



Thf) correspondinp noraponnds containing more poaitivo 
metals miglit doubtless be substituted for those of zinc. 

2. There are several special processes which may be used 
for preparing these hydrides. Thus nil the hydrides above 
that of methyl may be obtained, together with the correspond- 
ing dyad radical, by acting upon the iodide of the monad 
radical by zinc r — 



I C'.H,„+. 



Zn 



Znl, + C„H„ 



1h 



Methylic hydride, or marsh-gas, is pr<)dnced during pntre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destrnclive distillation of coal and of allied snbstancex 
also furnishes a large number of the raombers of this series. 

CharaHiyr.—They are all distinguished by their ^T«mt 
chemical indifference, and by their forming substitution comj) 
pounds containing chlorine, broraine, &c. ^^^t 
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Tto following list contains tho hjdrides o£ the irn 
radicals hitherto stndieil: — 

Boillnit-pol 
Metlijlic hydride, or Mareh-gas . . lleH or C IT. 

EthjUo hjdride EtH or C, H, 

Propjlio or ti-itjlic hydride PrH or C, H, 

ButjUo or tetrjlia hydride BuH or G, H,o slightly aboTC 0° 

AmjHo or peotylio hydride AjH or Cj Hi, 37—39° 

ileijlic or oaproyUc hydride CpH or C^ H„ 71S 

Heptylic hydride C; H,, 981 

Octylio hydride Cg IIu 13 1 

Wonyhc hydride C, H™ 13B— 138 

Kecatylic hydride C,oHa 160—162 

Endecatylic hydride CnHj, 180—184 

Dodeoaly lie hydride CmH^ 19G— 300 

Tridecatjlie hydride CijHa 216—218 

TetradEcatyh'c hydrido Cu^m 236—240 

Pentadecatylio hydride C-i^Uxi 255—360 

Of the members of this aeries highef than projiylic hydwde, J 
varioTLi isomers are possible, of which a considerable number | 
have been prepared. Thus there are two butjiic hydrides— 
normal bntyiic hydride, (CPrHa)H, and tertiary bntylio 
liydride, CMesH. The hydrides ennmerated in the above 
list are all normal. As has already been stated, the hydrides , 
of the radicals are identical with the isolated radicals pos- 
sessing the same molecular weight and the same conatitntion. 



I 



METHYLIC HYDRIDE, Methane, Marsh-gas, Light Car- 

huretted Hydrogen, Fire-damp. 

CH, or MeH. 

3ToiectdaT weight =16. Molecvlar volume 1 I 1 - 1 litre weight 

8 erCthe. 

Oeevrreiiee. — 1. As a prodnct of tho decomposition of I 

organic snbstincca out of contact with air. 

2. Evolved in coal-mines. 

3. The gas of the mnd-volcano at Bnlganak in the Ciimea 
nearly pure marsh-gas. 
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Preparation, — 1. By the action of water on zincic methide. 
(See general reaction, p. 40.) 

2. By distilling two parts of potassic acetate, two of 
potassic hydrate, and three of lime : — 



fCH, 
1 COKo 


+ 


KHo = 


= COKoa 


+ CH«. 


Potassic 
acetate. 




Potassic 
hydrate. 


Potassic 
carbonate. 


MethyUc 
hydride. 



3. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 

ecu + 4Ha = 4HC1 -h CH4: 



Carbonic 
chloride. 




Hydrochloric Methylic 
acid. hydride. 


CHCI3 


+ 3Hj 


= 3HC1 -h CH4. 


Chloroform. 




Hydrochloric Methylic 
acid. hydride. 



4. By passing carbonic disnlphide and hydrosulphuric 
acid, or carbonic disnlphide and steam, over ignited copper : — 

CS"2 -f 2SHa + 8Cu = 4'Cu'2S" + CH4. 

Carbonic Sulphuretted Cuproas Methylic 

disnlphide. hydrogen. sulphide. hydride. 

5. By the action of the electric discharge on a mixture of 
carbonic oxide and hydrogen :— 

CO + 3H, = CH4 + OH,. 

Carbonic Methylic Water, 

oxide. hydride. 

6. By the destructive distillation of organic substances, 
such as wood and coal. 

Reactions, — 1. When equal volumes of methylic hydride 
and chlorine are exposed to diflfused daylight, methylic 
chloride is formed : — 

CH4 + Cla = HCl -h CH3CI. 

Methylic Hydrochloric Methylic 

hydride. acid. chloride. 

2. When methylic hydride is passed through a red-hot 



tiale, hydrogen, ethyler 
produced. 




ETHYLIC AND AMYLIC HTORIDES. 



jetylene, and ethylic hyJ 



'J ride arO^^H 



ETHYLIC HYDRIDE, Elliane. 
C^» or CMeHj. 

«*^iw«i(ir weiglit = 30, Molecular volume m * 1 iiVce weighs 
15 erithe. Li^ejieB at 1° unf^er a presture of about 50 
oJmospAeT'es. 

PrepnrirfioTi. — 1. By tbo action of water on zincic ethide 
Caeep. 40). 

12. By the action of ethylic iodide on sodic ethide, ethylene 
t*^ing Bimultaneoiisly produced : — 
«^3lfeH=Na + CMeHJ = Nal + C,Hi + CMeH,. 









—1. Wten equal volamea of ethylic hydride and 
^^Vilorine are espoaed to diffused daylight, the following action 
"t^ies place r^ 

CMeH) + Ck = CMeHiCl + HC!. | 

Elhflle Ethylic Hjdrnchloric 

2. When a mixture of two volnmes of chlorine and one of 
^tliyhc hydride is exposed to the action of diSased daylight 
^thjlidenie dichloride ia formed : — 

CMeHj + 2C1, = CMeHCJ, + 2HC1. 

Eltayllc Ethrlldcnlc Hydrociaorla 



AMYLrC HYDRIDE, Fc.dune. 
C,H,j or CEaH,. 
tfofccuJor weiglit = 72. Molemlar volume n~l - 1 litre of 
imyliti hydride vapour vieighs 36 critks. Boih at 37 — 39°. 
Otcurrenee.—ln petroleum and coal-oil. 
frepwration. — By digesting zinc and amylic iodide with 
*»teE or alcohol at 100° : — 
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2CBuH,I + SZn + 20Hj = 2CBhH, 

Amrlic WatiT, Aioylic 

ioiliae. hydride. 

+ ZnHo, + Znl,. 

PAHAFFIN. 

This body is produced, together with numeronB oiiuK 
conipoBndu of a like natnre, hy the deBtructive distillation of 
boghead coal and similar substances. It is also found in 
petrolenm and asphalt. Chlorine has no action upon paraffin 
in the cold ; bnt if it be passed into melted paraffin, the 
latter ia slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin reaembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula CnHs,+, 
for paraffin, the value of n has not yet been satisfactorily 
determined ; in fact it is probable that several distinct hydrides 
o£ Iho class now under consideration are confonnded under 
this name. 



Before proceeding to describe in detail the hydrides of the 
phenyl or heiizene series of radicals, it will bo necessary, in 
order that the laws of isomerism, governing this gronp of 
compounds may be understood, to give some account of the 
views held by chemists with regard to the constitution o£ 
benzene and its derivatives. At the same time, as the 
methods by which the theory of the benzene series has been 
elaborated aflbrd an excellent example of the successfal appli- 
cation of the study of chemical reactions to the solution of on 
exceedingly complex problem of conatitutioo, the subject may 
be here treated with what might otherwise seem a dispropor- 
tionate minutenesB.* 

• The line of proof here foUowed is borrowed, with lome alteratiomj 
from Lodenburg'B Tkeoris der aromolischen ra-biiulungen. 
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The benzene series, sometimes also distinguislied tu 
aromatic series, incluiies at the present moment, partly owing 
to its richness in isomers and partly to tlie attention which 
has been devoted to it of late years, almi;st aa large a miitlber 
of oomponads as all the other series taken together. All 
these so-called aromatic compounds may bo regarded as 
derived from the hydrocarbon beniene, CjHj, by the replace- 
ment of one or more atom^ of hydrogen by atoms of various 
other monad elements or by atomic groups. In fact, many of 
these compounds may be synthetically prepared in this way ; 
and, in cases where this is not possible, beazene may he ob- 
t^oed Jrom the compoands by appropriate reactions. The 
olnater of atoms Ci, which forms the fonndation of the 
benzene compounds, is distinguished as the nacleug ; the 
Bubatitnted groups are termed lateral groups — sometimes 
lateral chiins. A chain of atoms, attached with both its 
ends to the benzene nnclens, is known as a closed lateral 
chain. Hydrogen atoms directly attached to the C. groap 
are referred to as hydrogen of the miclens, in order to 
distinguish them from hydrogen of the lateral groups. No 
benzene compound can contain less than sii atoms of carbon. 

Three circnmstances have combined to facilitate the study 
of the derivatives of benzene : the extreuie stability of the 
nucleus Ca, the atoms of which seldom undergo separation 
except under the action of very powerful oxidising agents; 
tlio mobility of the hydrogen atoms, rendering them readily 
exchangeable for other atoms or groaps, and distinguishiag 
this hydrocarbon in the most marked manner from the inert 
hydrocarbons of the C,HM+a series ; and lastly, the mobOity 
of many of these auhatituted groups and the multiplicity of 
the reactions by which they may, when necessary, be again 
replaced by hydrogen or directly exchanged for other groups 
or atoms,* In all these substitutions it is assumed that the 

• Moat ot the reactions to which it wilL be neoessarj to leioi in the 
course of tlia following proof will probublj be somiiwliat uiiintelligibla to 
tlie ituilent al tlie present stage. He will be able to verilj Oiem, \iovi - 
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Bubstituted atom or group holds exactly the same position 
with regard to the rest of the molecule as was held hy. the 
displaced atom or group — in other words, that the same bond 
or bonds which are rendered vacant by the exit of the latter, 
are satisfied on the entrance of the former ; and that only in 
very eiceptional cases doea an intramolecular migration, or 
shifting of the relative positions of the atoms within the 
molecule, occur. On this supposition, without the aid of 
which most of the phenomena of organic chemistry wonld be 
inexplicable, all speculations with regard to constitution are 
baaed. 

There ai-e two conditions, deducible from the reactions of 
benzene, which every constitntional formula of this hydro- 
carbon must fulfil, and which have the effect of limiting the 
number of possible formulie to two. Of these two formulse, 
one is eliminated by its failure to fulfil certain other condi- 
tions, the nature of which will be explained further on. 
These two conditions are : — 

1. The six hydrogen atoms of benzene are interequiya- 
lent. 

2. For each hydrogen atom there are among the other 
hydrogen atoms two distinct pairs, the members of each of 
which are intereqnivalent in relation to this particular 

By the intereqv,ivalence of two or more hydrogen atoms in 
a molecule is understood the fact that when any one of their 
number is replaced by a particular atom or group of atoms, 
the same compound is produced, no matter which of the 
intcrequivalent atoms is so replaced. The theory of bonds 
explains this by the supposition that the intcrequivalent 
atoms are all connected, both directly and indirectly, in 
exactly the same manner with the rest of the molecule — in 
other words, inieregitivalent atoms are in equiposition. 

eror, by reference to other parts of this work. Moet of thfl correeponding 
general reactianB will l)e fouud under nitrobenzene, aniline, and diaio- 
compoUDde. 
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Two or more hydrogen atoms in a molecule are said to be 
interequivalent in relation to a. particular liydrogen atom, 
wten, after first replacing this hydrogen atom by a different 
atom or group, the relatively interequivalent atoma may each 
in tnm be replaced by any given atom or group with the pro- 
duction in each case of the same compound. In order that 
this may be ho, it is neceaBoxy not only that the various rela- 
tively intereqni valent atoms should be in eqniposition with 
regard to the molecule aa a whole, but that they shonld be 
in eqniposition with regard to this particular hydrogen atom. 

This ia generally expressed by saying that they are situated 
symmetrically in relation to this hydrogen atom. 

These points will be moat readily rendered clear by an 
illoBtration. In a compound of the formula — 



1 



the liydrogen atoms a, 0, 7 and S, are in eqniposition, and 
consequently interequivalent. Further, a- and 7 are symme- 
trical, and consequently interequivalent, in relation to S, and 
tiiso to fi ; but a and ^ are an symmetrical, and therefore not 
interequivalent, in relation to S. 

The proof of the exiatence of the two above-mentioned 
conditions in benzene will be given in three stages : — 

A. Intereqni valence of four hydrogen atoms. 

B. Relative intereqnivalence of two distinct pairs of hydro- 
gen atoms towards a fifth hydrogen atom. 

C. Intereqnivalence of all sii hydrogen atoms. 
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A. Litereguivaletice of Four Hydrogen Atotiis in Siini:ene. — 
FLenol, CglltHo, a compoatid derived from benzene hj &e 
Hiibstitution of a semimolecule of liydroxj] for one atom of 
hydrogen, ia converted by treatment with pboaphoric bromide 
into monobrombenzene, CnHjUr, the hydrosyl group bunc 
replaced by bromine. By the joint action of aodinm and car- 
bonic anhydride, tho bromine of monobrorabenzene ia in its 
turn replaced by osatyl, yielding benzoic acid, CaH((COHo). 
The bydroiyl group in phenol and the oxatjl group in 
benzoic acid thus replace in benzene the same hydrogen atom, 
which may be distingnished sis a. From benzoic acid three 
isomeric osyacids- — salicylic aidd, osybenzoic acid, and park- 
oiybenzoic add— all of the general formula CeKtKo(GOHo), 
in which a hydrosyl gronp ia snbstitated for an atom of 
hydrogen in the nnclens of benzoic acid, may be obtained 
by appropriate reactions. The isomerism of these three acids 
is explained according to the theory of bonds by the sap- 
position that in these compounds the hydroxy] group replaces 
three different hydrogen atoms b, c, and d, which are not 
Eymmetrically situated in relation to the atom a, the place of 
\vhich is occupied by oiatyl. By distillation with lime, the 
oiatyl of these three acids is replaced by hydrogen, and 
three phenols are obtained. A careful study of the properties 
of these three phenols has shown their absolute identity with 
ordinary phenol, the substance which formed the starting 
point of the above series of reactions. It is therefore imma- 
terial which of these four hydrogen atoms of benzene, a, 6, e, 
and d, is replaced by hydroxyl : the same compound ia pro- 
duced in each case ; and the four atoms are conaequwttlj 
interequ ivalent. 

B. Belative Inlerequival&nee of Two Dietinot Pain of 
Sydrogen Atoms in Benzene towards a Fifth Hi/drogen Atom. — 
a. JPiTst Pair. — Metahrombenzoic acid, C8HjBr(C0Ho), ob- 
tained by the action of bromine on benzoic acid, yields, when 
treated with nitric acid, two isomeric nitrobrombcnzuic acids, 
C,H3r(NOj)(COHo). When these two acida are treated 
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with reducing' agents, the nitro-gronp NOj ia converted into 
the amido-groap HK;, whilst at the same time the bromine in 
replaced by hydrogen, and both acids yield Ike same amido- 
benzoic acid, C4H4(NHi){COHo). From this followa the 
exiBtence of one pair of hydrogen atoms relatively Intereqni- 
valent towards the hydrogen atom replaced by osatyl in 
benzoic acid. For ii one brombenzoic acid can yield two 
nitrobrom benzoic acids, this can be explained oifly on the 
assumption that the nitro-gronp has replaced two different 
hydrogen atoms a and 6,* as in the formula — 

CsH^BKNOOCCOHo), 



C,H3r(NO0(COHo). 
In order that the two amidobenzoic acids^ 



CbH.(NH,)(COHo), 



CaH.(NH.i){COHo), 
olttained from these by reduction may be identical, it is necea- 
aary that the hydrogen atoms a and b should be relatively 
intereqnivalent towards the hydrogen atom which has been 
replaced by oxatyl. 

p. Second Paic— When salicylic acid, C,HiHo(COHo), is 
treated with nitric acid, two isomeric nitrosalicylic aj^ids, 
C,HiHo(N05)(COHo), are obtained. In each of these the 
hydroxylic hydrogen may be replaced by ethyl, yielding two 
isomeric ethereal salts, C4H,Eto(N05)(COEto), which on 
trefttment with ammonia yield two corresponding nitramido- 
benzamides, CoHjAtiCNOOCGOAd). These are converted by 

■ It need acarcdj be Baid that tho letters emplojed to distinguish 
rnriouB hjdrogen atomH in ono proof have nothing to do with those 
played in unother proar. 
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the action of canstic alkalies into two nitramidobenzoic acidB, 
C,H,Ad(NO0CCOHo). Both of these iaoraeric acida, when 
treated with nitrons anhjdrido and alcohol, in order to 
replace the amido-grocp by hjdrogen, yield the same nitro- 
benzoic aeid. This is possible only on the aesnmption that 
there are two hydrogen atoms ralatively intereqnivalent 
towards the hydrogen atom which has been replaced by 
oxatyl. R)r if two isomeric nitrosalicylic acids can bfl 
obtained from aalicylic a<^id, the nitro-gronp must replace two 
difierent hydrogen atotus a and i — 

C,HaHo(NO0(COHo), 

h 

C,H3Ho(NO!)CCOH6); 

and in order that, when the hydroxyl- group has been replaced 

by hydrogen (which is the result of the abOTe series of reao- 

tions), the niiiobenzoic acids, 

C5H.(NO0(COH<»> 
and 

h 
C,H,(NOO(COHo). 
may be identical, it in necessary that the hydrogen atoms a 
and b ehonld be relatively intereqniTalent towards the hydro- 
gen atom which haa been replaced by oxatyl. Further, this 
pair is distinct from the pair the existence of which was first 
proved ; inasmuch aa this nitrobenaoic acid yields on reduc- 
tion an amidobenzoic acid (meta-amidobenzoic acid), whidi 
is quite distinct from that {ortho-amidobennoic acid) whidi 
was obtained from the two nitrohrombenzoic acids. 

The existence of two distinct pairs of hydrogen atoms 
relatively inter equivalent towards a fifth hydrogen atom has 
thus been proved. 

C. Intm-e'imvalim.ce of all Six Hydrogen Atoms in Benzene.- 
Under A the intereqni valence of four hydrogen atoms in ben- 
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i proved by Bbowing tliat Ihe three plieuols obtained 



a the three osybenzoic acids 



! identical with ord 



phenol. At the same time it waa shown that phenol conid bo 
■oonverted into benzoic acid, and tliat therefore the same hjdro- 
xen atom a, which is replaced in phenol by the hydroityl-group, 
IB occupied in benzoic acid by oxatyl. The by droxyl -groups 
in the three osybenzoic acids replace three different hydrogen 
atoms, 6, c, and d. Of these three no two mnst bo relatively 
intoreqnivalent towards a, otherwise two of the osybenzoic 
ftcidg would be identical. Now, as it has been shown that 
there are two independent pairs of hydrogen atoms relatively 
intereqnivalent towards this very hydrogen atom a, there are 
only two atoms, e and /, remaining to form with two of the 
»We three (fc, c, and d) these two pairs. If, therefore, the 
wo atoms, e and/, were in turn replaced by hydroxy! (the 
Itom a being still replaced by osatyi) two osybenzoic acids 
Would be obtained identical with two of those already known. 
" follows farther from this that the phenols in which the 
V<iri"fyl-g''onp replaces the atoms e and /are identical with 
Ordinary phenol, and the six hydrogen atoms of benzene are 
Uierefore intereqniTalent. 

As all these hydrogen atoms are intereqnivalent the same 
Conditions hold for all of them, and each has therefore its 
tiro distinct pairs relatively interequivalent towariis it. 

These two laws form the basis of the benzene theory, and 
from, them the laws of isomerism of the benzene componnda 
pan be derived. Thus, as all the hydrogen atoms are inter- 
Iqnivalent, only one monosubatitnt ion-compound is possible. 
for the same reason only one pentasubatitution-compound is 
possible, wh n only ne k nd of atom or group is substituted, 
[t also follows that all b ubstitation -compounds can exist in 
Siree isom n modifi at ns. For representing by a, &, c, *?, e,/, 
ta six atoms t be pla ed, and indicating by brackets the 
jairs relati ely nte qu alent towards a : — 
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we have the bisnbstitntion- compounds : — 



3. o/. 

There is no doubt that, by the uiatheniafcieal diBcnssion of 
these laws of symmetry, it would be poaatble to deduce lie 
lawB of iHomerimn of even the most complex snbatitntion- 
compoDnds without reference to any definite graphic formnla. 

The esperimental facta are in thorough accordance witi 
the above theory. No case is known of a monoBnbstitntion- 
compound of benzene existing in two isomeric forms and 
none of a hi substitution- compound in more than three. Iso- 
lated results, which seemed to contradict these laws, haw 
either been withdrawn by the authors theraselvea or haw 
been disproved by later observers. 

Graphic Formula, of Bemene.—'By systematically exhanrt- 
ing all the possible graphic combinfltiona corresponding to 
the empirical formula CeHj, it is found that only two graphio 
formulffi satisfy the required conditions — eqniposition of all 
sis hydrogen atoms and symmetry of two distinct paira of 
hydrogen atoms towards a fifth hydrogen atom. These two 
formutse are : — 



:y 



\ / 



e dedaced, 
cepted by 



THE BKNZENE THEORY. 

The first of those formulae is the "priam" formula of 
Ladenbnrg. It is aupposeii to be viewed in perspective in the 
figure, the carbon atoms occBpjiiig the comere of a three- 
sided prism. It satisfies in every particular the above require- 
ments ; the six hydrogen atoms are in eqnipoeition and there 
are two distinct pairs, he and de, symmetrically placed in rela- 
tion to ii. But thia formula is not in harmony with the 
known constitution of naphthalene, a higher derivative of; 
benzene (see constitution of naphthalene). 

The second formula for beusiene was originally f 
as B hypothesis by Keknle at a time when the ei 
data, from which the above limiting conditions ai 
did not exist. This formula has been generally s 
chemists. It has, however, one weak point. The hydrogen 
Btoms are in eqaiposition, but the condition of the two sym- 
metrical pairs ia not fulfilled : b and c are not symmetrical 
toward a, nor are, strictly considered, d aiid e. The hisubsti- 
ttttion-componnd ab woald bo different from ac; and, in case 
two dissimilar substituting atoms or groups were employed, 
ad would differ from ae. The result would be that benzene 
ODght to yield respectively four and five bisubstitution-com- 
pounda, according as the subatitnting atoms or groups are 
Bimilar or dissimilar. This difficulty can only be got over by 
aid of the further hypothesis that in a closed chain the influ- 
ence of double and single bonds disappears. We therefore 
make the aesumption (in violation certainly of our definition 
of the relative iaterequi valence of two atoms towards a third) 
that ab is identical with ac and ad with ae. In thia form the 
formnla explains the existence of all known derivatives of 



LoealhattOTi of the Lateral Groups. — By arbitrarily selecting 
as a starting-point any one hydrogen atom in the benzene 
hexagon (as KekuWs formula is sometimes termed — the 
word liexagov. being understood to refer entirely to the 
graphic formula, and in no way to the molecule itself) a 
numbering the other hydrogen atoms ia their order, thus -,- 
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H(l) 

(6) H— C C— H (2) 

I II 

(5) H— C C— H (3) 

H(4) 

a syatem is arrivec! at by meanB of which the relations of tl»^ 
Tarions poIjBnbsfcitntion- compounds of benzene may be d^' 
noted. Thna, in the bisabatitation-componnda there are tli-^ 
three positions, 1 : 2, 1 : 3, and 1 : 4, and the compounds i^** 
which the lateral groups bold these positions are distia" 
gdiabed in nomenclature aa ortho-, meta-, and paTa-cota" 
ponnde respectively. The trisubstitntioo-coio pounds are dis— 
tin^ished as 1 : 2 : 4 orthopara, 1:3:4 metapara, &a., ani 
80 on with the higher compounds. 

It becomes a matter of very great theoretical interest to bo 
able to assign to each of the various benzene derivatives ite 
proper place in the above classes. This problem, the localisa- 
tion of the lateral groups, may be divided into two distinct 
parts. For example, in the bi substitution-compounds it ia 
necessary first to find some means of determining the relative 
positions for three such compounds belonging to the three 
different classes and then by utilising the ease with which 
one lateral group may he replaced by another, to transform 
these into other bianbstitution- compounds, or to transform 
other bisubstitution-compounda into these, and thus to refer 
all the bisnbstitutioD-compounds to these three. In this way 
three parallel series are obtained, the position of each of 
which is defarmined by that of one standard compound. 
Fortunately, however, there ia more than one set of at^adard 
compounds, and nearly al! the transformations have been 
effected ia more than one way. The concordant reanlts whioli 
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have been obtained by these independent methods afford the 
best proof of the i:orreotneaa of the theory. 

The Io43&]izatioii of the lateral groups in one set of standard 
compoimda may be arrived at as follows : — 

1. The amidobeazoic acid obtained in the proof of the first 
qmrnetrical pair (see p. 49) yielda on treating with nitrons 
anhydride and boiling with water^ — ^by which means the 
amido-gronp is replaced by hydroxyl — salicylic acid. The 
second amidobenzoic acid, in which the amido-group replaces 
one of the hydrogen atoms of the second symmetrical pair 
(p. 50) yields on similar treatment oxybenzoic acid. One 
of these two acids, salicylic acid and oxybenzoic acid, must 
therefore correspond to the position 1:2 = 1:6, whilst in 
the other the position is 1:3^1: 5- — these being the two 
pairs of symmetrical positions. There remains, therefore, for 
the third, so-called paraoxybenzoic acid, only the position 1 ; 4. 
The para-position is therefore proved for one compound,* 

2. By the action of dehydrating agents npon acetone, 
meEdtylene — a trimethylboaaene — ^ia obtained : — 

3C0(CH,). = C^stCH,)^ + 30H, 

By the oxidation of mesitylene, a tribasic acid of the for- 
iaal&, CaH3(COHo)3, ia obtained, which, when distilled with 

* It mnBt be oBrefuU; barne in. miod that the pniofs given In this 
chapter for the localization of the lateral gruups are not depeudont for 
Ihflir validity upon the adoption of any particular graphic formula fol 
benzene. The; applj quil^ b,b well to Ltulenhurg'B formula aa to Kekuld'B, ^ 
and would apply to anjr other formula (if such a, furmala e ' 
which the same conditions of eymmetrj- wore eatiafiei Viowi 
Hgfat, graphic formula: gonerallj are nothing more than c 
metrioal devices, which, by cxpre?aing interequivalDnce oud rel^tLvo inter- 
equivalence in terms of geometrical aymmetrj, render it possible to predict 
oaBea of isomeriam ]□ substitution-compounds- Symmetry, in two bubati- 
totiOD-compouiida derived from the same compound and containing the 
same eubstituted atotoB or groups, denotes identity ; lack of symmetry, 
isoroeriini. As alrendy atatod, any graphic formula which correctly 
performs tliia work of translation — and there may be several such formulae 
for one compound — will correctly predict tho cases of iaomeriam. 
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lime, yields benzene, thus proving that mesitjlene is a tri- 
methjlbenzene. By a series of ingenionslj selected reactions, 
the general principle of which is similar to that employed in 
the proof of the symmetrical pairs, it may be shown that 
mesitylene yields the same sabstitntion-componnd, no matter 
which of the three hydrogen atoms of the naclens is replaced 
by a given atom or groap. These three hydrogen atoms are 
therefore intereqnivalent, and must therefore be symmetri- 
cally arranged in the graphic formula, a condition which can 
be satisfied only in the following manner : — 

CH3 

I 

H— C^ C— H 



CHs — C. >C — CHj 



H 

The three methyl-groups are therefore in the position 
1:3:5. By replacing any one of these groups by hydrogen 
a dimethylbenzene in which the methyl-groups are in the 
position 1 : 3 — metadimethylbenzene — ^is obtained. This com- 
pound may be shown by means of various transformations, to 
belong to the same series as oxybenzoic acid, which must 
therefore be regarded as meta-oxybenzoic acid. 

3. In paraoxybenzoic acid the position is 1 : 4 ; in meta- 
oxybenzoic acid it is 1:3 = 1:5; and there therefore 
remains for salicylic acid — the third oxybenzoic acid^-only 
the ortho-position, 1:2 = 1:6. 

These three standard compounds are therefore : — 

Fnsinf-point. 

SaHcylic acid, CeH4(COHo)Ho 155—156° 



Metaoxybenzoic acid, C,Hi(COHo)Ho . . 200 

1 4 

Paraoxybenzoic acid, C,H«(COHo)Ho . . 210 



THE BENZENE THEORY. 57 

In another set of standard componnds the lateral groups 
may be localized by a totally different method. Starting with 
three isomeric bisubstitntion-componnds, in which the snb- 
stitnted atoms or groups are both of one kind, and substitut- 
ing a third atom or group different from the others, it will be 
Been that the ortho-bisubstitution-compound ought to yield 
two trisubstitution-compounds ; the meta-compound, three ; 
and the para-compound, only one. Thus, if the two similar 
atoms or groups be represented by X' and the dissimilar atom 
or group by T , there would be — 

From the Ortho-eompotmd. 
X' X' 



I 
H— C— X' H— C C— X' 

H-C C— Y' H— C 0— H 



I 

H r 



From the Meta-oompound. 

X' X' X' 

I I I 

H— C^ ^C— T' H— C^ ^C— H H— C^ ^C— H 

I J! I J! I II 

H— Cv /C— X' H-C<^ /C— X' T'— C^ /C— X' 
C C C 



i 



Y' H 
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From the Para-compound. 
X' 






X' 

Now there are six diamidobenzoic acids known. In these 
the amido-groups will correspond to the X', and the oxatyl- 
gronps to Y', in the above formnlse. On distilling these six 
diamidobenzoic acids with lime in order to replace the oxatjl 
by hydrogen, it is fonnd that two of them yield a diamido- 
benzene fusing at 102° ; three others, a diamidobenzene 
fusing at 63° ; whilst one yields a third diamidobenzene fusing 
at 147°. From this it follows that in the first of these 
diamidobenzenes the amido-groups are in the position 1:2; 
in the second, in the position 1:3; and in the third, in the 
position 1 : 4. 

There are other methods, which need not be described here, 
of localizing the lateral groups. As has been already men- 
tioned, all these methods yield concordant results. 

The above methods of localization have been extended to 
the various higher substitution-compounds of benzene. Much 
has already been done in this direction, but large gaps still 
remain to be filled up. 

The following is a list of the number of isomers which the 
formula predicts for each substitution-compound of benzene 
when the substituted atoms or groups are all similar : — 

Mono- substitution- compounds 1 compound. 



Di- 

Tri- 

Tetra- 

Penta- 

Hexa- 



»» 



»» 



»» 



n 



3 isomers 

3 

3 

1 compound 

1 



» 



>> 



>i 
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In the case of the chlorbenzenes, all of these nine com- 
pooxids are known, and the relative position of the chlorine 
atoms in each has been determined. 

Benzene also forms addition compounds. Thus there is a 
benzene hexachloride of the formula — 

CI H 

H\ /C^ /CI 

>c/ \c< 

Hv Cl 

C1>>C/^<H 
H Cl 

tlie double bonds having been converted into single bonds in 
taking up six atoms of chlorine. 

The following list includes the principal members of the 
liydrides of the radicals of the phenyl series : — 

Homoio. 
sons series. Name. Formula. Boiling-point. 

C|H, Benzene CsH^ 80-5° 

^Hg Toluene (methylbenzene) .... CsHsMe Ill 

CsHi, Xylene — 

Orthoxylene (dimethylben- 
zene) C6H4Me2 (1 :2).. 140—141 

Metaxylene (dimethjlben- 
zene) C8H4Me2 (1:3).. 137 

Paraxjlene (dimethjlben- 

zene) C«H4Me2 (1 : 4) 136—137 

Ethylbenzene CgHfiEt 134 

^gHu Cumene — 

Mesitylene (trimethylben- 

zene) CeHgMea (1:3:5) 163 

Pseudocumene (trimethyl- 

benzene) CgHaMea (1:3:4) 166 

Ethylmethylbenzene C5H4EtMe (1 : 4) 161—162 

Ppopylbenzene CgHgPr 157 

Isopropylbenzene CeHg/SPr 151 

^10^14 Cymene— 

Durene (tetrametbylbenzene) CeH2Me4 (1:2:4:5) 190 
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CjH Cymene— 

Metbjlmee tjlene (tctrn, 

thtlbeaze e) 
Gtrhfld metbvl benzene 
D ethjlbeniBna 
PropjlmethjlbHnKBns 
iBopropvlmethjlbenspne 
But Ibenzeue 
H B AmTlbeniene 
CigHig Hentmethvlbenipne 



0,HjMe,(l: 2:3:5) 192—19?^ 

C,HsEtMBs(l:3:5) 180—182 
C8H4Eta (1 ! 4) . . 179 

C,H^PrM;e (I ! 1). 175—176 

OjH,^PrMe (I ! 4) 171—172 

CsHjEu 180 

CsHjAj 103 



Preparation. — 1. These Lydridea are prodnceii by the dis- 
tillation ■with esceaa of calcic or potassic hydrate of the 
alkaline salts of the acids contaming the same positive 
radicals:— 



jC„I 



+ KHo = COKo.^ 



hyJr, 



rc»H=^ 



Hjrt rifle 



2. In addition to benzene, the following hydrides contain- 
ing methyl-groups are formed in the destructive distillation 
of coal and other organic substances : — toluene, the three 
xylenes, mesitylene, and pseudocumene. These are all ob- 
tained from coal-tar by fractional distillation. No member 
of thia series containing as a lateral chain ethyl, or any 
radical of the C„Hj„+i series higher than methyl, has been 
found in coal-tiir. 

3. Ethylbenzene iB prepared by the action of sodium npOB 
a mixture of ethylic bromide and monobrombenzene ; — 

C,H,Br + EtBr -f Na, = CeHsEt -|- 2N'aBr 

BoBobioin. Elhyllc Etliyl Sodlo 



Toluol may be synthesiaed in the same manner, substituting 
methjlic for ethylic bromide. 

The formation of mesitylene from acetone has already 
described (p, 55). 
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laopropj I benzene, the hydrocM-bon to whieh the u 
comene was origiimUy applied, ia formed as in reaction ( 
bj distilling cnininic acid (paraiaopropj-i benzoic a 
C,3j3Pr(C0Ho) (1 : 4) obtained from oil of cumin, 
canBtic lime. 

Parapropylmethylbenzene, the first cymene diBcoveped, ii 
contained in oil of Romaji cumin. It may be prepared 8 
thetically by the action of sodium on a mixture of para- I 
bromtolnol, C(H,BrMo (I : 4), and propylic iodide (Reaction 1 
3). It is most readily obtained from camphor. 

Hexamethylbenzene ia prepared by the catalytic action o£'l 
alnnunic ohloride on a solution of methylio chloride ii 



C.H, + 6MeCl = G.Me, -r 6HC1 

Beniaie. Uerhjlic HciamMhyl- Hjdmchlorit 

The alnminic chloride apparently nadergoes no change 

Iicae of oxidatioii of ike Hydrocarbons denved frni 
WHea these hydrocarbons are treated with osidizing agents I 
the nnclena remains as a rule intact, and the lateral chains, T 
no matter how many carbon atoms they may contain, 
are osidized away, only one carbon atom of each chain re- 
maining attached to the nucleus in the form of ozatyl. The I 
mle, therefore, is ; — A Kydrocarhon of the heii; 
taining n lateral chains yields on oxidalion an n-baeic acid of I 
bensene. Thus toluene, ethylbenzene, and amylbeuBene, all T 
yield benzoic acid. Paraxylene, paraethylmethylbenzene, i 
and parapropylmethylbenzene yield terephthalio acid, 
methylbensiene yields meliitic acid, C8(COHo)6. By partial J 
oxidation of a hydrocarbon containinn; two or more lateral | 
chains one lateral chain may be converted into oiatyl, whilst 
the others are left unattacked. Thus from paradiethyU 
benzene paraethylbenzoic acid may be obtained. In such a 
eaee the lateral chain which is richest in carton j 
Attacked first. Thus paracthylmethyl benzene yields ^bibt* J 
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methy! ben zoic (paratolaic) acid. The following' equatioi 
I will serve as eiftinples : — 

aH.Et, + 60, ^ C,H,(COHo)5 + 200= + 40H,. 

PnnidJtUijl- Terfi;liUialic 

C,H.EL + 30i = C,H.Et(COHo) + CO, + SOH^. 



Chromic acid ie the beet oxidizing agent in the caae c^ 
meta- and para-compoonds, bnfc it cannot be employed witb 
ortho-componnds, as it oxidizea these completely to carbonic 
anhydride and water. However, by oxidizing with potaasic 
permanganate in neutral or in alkaline solution, or with dilute 
nitric acid, the ortho-componnda may be converted into their 
corresponding acids. Thus orthoxylene yields orthonaethyl- 
beuzoic (orthotoluic) iicid, CsH.Me{COHo) {1 : 2), and nlti- 
mately phthalic acid, C,H.(COHo)i (1 : 2). 

Properties. — These hydrides are distinguished from tho« 
of the radicals of the C»Hjb+, aeries by beiug less indiflerenfc 
to chemical agents. 

The halogens can replace by their direct action hydrogen 
atoms eifJier of the nucleus or of the lateral groups, and the 
two series of compounds thus formed possess totally distinct 
properties. Chlorine, for example, which is attached to the 
nucleus, as in chlorbenzene, CjHjCi, or chlortoluene, 
CsHtClCCHs), is in a condition of so stable combination that 
it cannot be removed by caustic alkalies or silver salts ; 
whereas, when the chlorine belongs to a lateral group, tte in 
benzylic chloride, CHjCCHsCI), an isomer of chlortoluene, it 
may readily be exchanged by donble decomposition for other 
atoms or groups, thus behaving like chlorine in the GuHm.^ 

A peculiar law holds with regard to the direct substitntion 
of chlorine or bromine in the homolognes of benzene. For 
example, in the case of toluol, by the action of chlorine or 
bromine in the cold, or in presence of iodine or molybdio 
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peotachloride (even when heated), the substitntion of chlorine 
or bromine takes place in the naclena ; but by acting i 
boiling toluol alone, hydrogen of the lateral group is t 



By treatment with etrong nitric acid these hydrides yield 
mitro- compounds, in which hydrogen of the nucleus is re- 
placed by one or more nitro-groups. Thus benzene yields 
nitrobenzene, C(Hi(N'Os). From toluene a mixture of ortho- 
and paranitrotolnene is obtained. The ortho- compound ia a 
liqnid boiling at 222—223" ; paranitrotolnene is a crystallina 
solid fusing at 54°. These nitrotolnenes are converted by 
oxidation into the corresponding nitrobenzoic acids. Moat of 
the higher members of the series yield mixtures of iaomerio 
nitro-compounds. By the action of reducing agents the 
nitro-group ia converted into the amido-group NH, : thus 
nitrobenzene yielda aniline, CflHj(NHj) ; ortbonltrotoluene 
forma orthotoluidine, CsH^MeCNHi) (1 : 2). 

When these hydrides are treated with strong snlpliurio 
acid one or more atoms of hydrogen of the nucleus are re- 
placed by the monad group (SOiHo). The componndfl bo ■ 
formed are termed snlphonic a«ids. Thus benzene yields 
benzenesul phonic acid : — 

C,He + SOtHo, = CHstSCHo) + OH,. 






snlpbonl 



With toluene a mixture of ortho- and paratolueneaulphonic 
acids is obtained, C.H.Me(SOiHo) (1:2) and C8H4Me(SO,Ho) 

(1 = 4)- 

Neither the nitro-compounds nor the Hulphonic acida of the 
hydrides of the C,Hm+i series of radicals can be prepared by 
direct reactions. 

By the reducing action of hydriodic acid at high tempera- 
tures the C»H,n_j series is converted into the CbHjk+j sei 
ThoB benzene yields a hydride, C8H14. 
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BENZENE, Benzol, FkenijUr. Hydride. 
CoH, or PhH. 



H— C 

1 
H— C 



Vh 



H 

Moleaular weight = 78. Molecular volume I I ! ■ 1 Utrt of 
benaene vapour weighs 39 critht. Fuses at 3°. Boils « 
80°- 5. 

Occwrenee. — Tn Rangoon petroleum and in coal-tar. 
Preparation. — -1. By heating with an ezcesa of lime W 
baryta any acid of beuzene which contains no lateral groups 
except oxatjl : — 



fCaH, 

|COHo 



C,H4(C0Ho)3 
C,{COHo)« 



CaO 



{&^ 



iHs 



COCao"ii 

2CaO = CsHs + 2C0CS 
GCaO = C.H> + 6C0Ci 



2. By boating the vapour of benzoic acid to rei 
it splits np into benzene and carbonic anhydride :- 

C.HiCCOHo) = CO, + C,H,. 

3. By heating acetylene to low redneea :— 

3'"G',H, = C^e. 

4. By the dcBtmctive distillation of coal. 
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5. In small qnantity, when many organic snbatances, — fats,.! 
"^aponr of acBtic acid or alcohol, &c.,—axe passed through ft J 
■^•a-hot tube. 



SnEHIITUTTON BEEIVATIVES OF BENZENE. 

Chloro- Compounds. 

MONOCHLORBENZBNE, I'henylic Chloride. 

Bmh at 1 32°. 

Preparation. — -1. By the action of chlorine i 

r on benzene in which a small quantity of iodin 
dissolved :— 



2, By treating phenol with phosphoric chloride : — 
CiHiHo + PCI. = C,H.C1 + POCla + HCI. 

Phosphoric Miinuchlur- Phonpnnric HrdmoUurlc 

chlgride. Ijemonf. uiyiridiloriaB. Bdd 

t> Prom diazohenzene chloroplatinate by distillation i 
BG(trbonat« (see p. 69). 

Eiglier Olilorine Oompor 
Bij the prolonged action of chlorine npon benzene the] 
VKriona higher stages of chlorination up to hexachlorbenzene 1 
ftre obtained. The following is a complete list of all the I 
chlorine snbstitation derivatives of benzene, and includt 
every theoretically possible isomer. Some of the isomers | 
have been obtained only by indirect reactions :- 

agfrregation. 

Uonochlorbenzeiie, OgHgOl ■ ■ , . Liquid 

Dichlorbenzene, OsHiCl-i (1 : 3) Liquid 

„ „ {1 : 3) Liquid 

(1 : i) SaUd 

VOL. I[. 
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Trielilorbeniene, CnHiPlj (1:2:3) Solid 

„ (1:2:4) Solid 

(1:3:5) Solid 

Tetrachlorbenzene, CaH,Cl,, Solid 

(1:2:3:. !)■ 

■retracMorbenzpnp, OsnjClj... . Solid 

(1:2:3:5) 

Tetnichlorbenitfiie, OftHjC!,, Solid 

(1:3:4:5) 

PentaclilorbenieiK!, ConCli Solid 



Heiaolilorbeoz 



le, CjCls 



julid 222—326 



A very convenient form of nomenclfttnre applicable «" 
isomeric benzene scbstitution deriyatiTCB containing only '^'M 
kind oE snbstitnted atoms or gronps, consists in classing **•■ 
gether the compounda (1 : 4), (1 : 3 : 5), and (1:2:4: 5J, 
as symmstrtcal; (1 : 3), (1- : 2 r 4), and (1:2:3: 5), « 
unsymmetrical ;. and (1 : 2), (1 : 2 : a), and (I : 2 : 3 : 4), "» 
adjacent. The principle on which these names are chosen 
may be readily seen by referring to the graphic formuliB of 
the componnda. 

BENZENE EEXACHLOBIDE.- 
CoH.CU. 



>c c< 



^^ >C< 'H 

H Cl 



Preparatum. — By the direct nnion of chlorine and benMne 
when exposed to eonlight. It is also fonned when chlorine 
is passed Into boiling benzene ; — 
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CJSs + 3Cls = GeHeCle* 

Bouene. Benxene 

hexachloride. 

^ReacHon, — ^When heated it is decomposed into hydrochloric 
8ci^ and nnsymmetrical trichlorbenzene (1:2:4): — 

CeEUCl, = CeHsCls -f 3HC1. 

Benzene Trichlorbenzene. Hydrochloric 

hexachloride. aeid. 

Bromo; lodo- and Fluo-compourids. 

The bromo-componnds greatly resemble the corresponding 
ctxloro-compounds. All those predicted by theory have been 
pi^epared, with the exception of adjacent tetrabrombenzene. 

The iodo-componnds have been less thoroughly investi- 
ga.ted. 

^aobenzene, CeHsF, a crystalline solid, fusing at 40° and 
"Oiling at 180°, has been prepared. 

NitrO' compounds. 
The following^have been produced : — 

Nitrobenzene; CiHgCN^Oj) 

Dinitrobenzene,C6E[4(N^Oa)2 (1:2).. 

(1:3).. 

(1:4).. 
Trinitrobenzene, C6B:s(N^O03 121—122 — 






Fhsing- 
point. 

3° 


BoUiiiK- 
point. 

205° 


118 


— 


90 


— 


172 





NITROBENZENE. 

C6H5(Nn)5 or N^(C6H5)02. 

Molecular weight = 123. Molecular volume QZl* ^ ^*^'*^ 9f 
nitrobenzene vapour weighs 61*5 criths. Fuses at 3°. Boils 
at 205°. 

Fr&paraiion, — By the action of cold concentrated nitric 
acid on benzene : — 

0,H5 + NO.,Ho = C,H5(Nv02) + OH^ 

Benzene. Nitric add. Nitrobenzene. V(«Xat. 
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Reactions. — 1. By the action of reducing or hydrogenatii 
agents, as zinc and hydrochloric acid, snlphnretted hydrogf 
acetic a«id and iron, stannous chloride or potaseic arsenil 
nitrobenzene 18 converted into the base aniline : — 

C,Hs(N'Oz) + 3H, = CHsCNH,) + 20H,. 

Nilrobonune, AoDiiw. WUer. 

2. By the action of sodium amalgam and water, nitc"*-*- 
benzene is converted into azobenzene, and finally into hyi 
azobenzene : — 



iNCCeH,) 



t N(CsH.) + ^= - ■[ NCCeH.)H- 

Hydrazotenzene, when brought in contact with acids, doeS 
not form salts, bnt undergoes a peculiar iiitraraolecal»'' 
change, and is converted into the base benzidine : — 
rN(CsHs)H _ rCH.fNH,) 
\N(CaH,)H ~ \CaH,(NHj) 
The amido-groupa in benzidine are both in the para-poaition 
with regard to the point of union of the two nuclei. 

DIAZO-COMP UNDS. 
DIAZOBENZEHE. 

InHo ■ 

Preparation. — Free diazobenzene has not been prepared in 

a state of purity, but its salts may be readiiy obtained. The 

nitrate ia formed when nitrous anhydride is passed into a 

cooled solution of aniline nitrate : — 



iNOi 



NiOj - 2i^ + 30H,. 



DIAZOBESZKNE. 

jerties and Iteiictiotis.^The great importance of the i 
3iazo-conipoiiTi<l8 lies in the readiness with which the nitrogen | 
attached to the naclens may be replaced by various other | 
atoma and groups. As nearly all aromatic amido-compounda 
yield diazo-com pounds, thesB reactions have proved invalu- 
able in solving the pi-oblenis of the localization of the lateral 
groups, 

1. By boiling diazobenzeno nitrate with water, the nitrogen 
group is replaced by hydroxyl : — 



(■"H'.CCH.) 

+ OH, ! 

I NO. 



OiHtHo + N, + NO,Ho. 



&. Bj bailing diazobenzene §itlphate with alcohol, tlie I 
oitrogen group ia replaced by tydrogen, the alcohol being at 1 
tile same time converted into aldehyde : — 



+ 

BO»Ho 



= 0.H, +N.+ |gg^ + SO,Ho,. 



3. When diazohenzene sulphate is treated with hydriodio 
Op hydrofluoric acid, the nitrogen group is replaced by the 
Balogen atom : — 



I SO,Ho 



0,H,I 



SO^o,. 



niJplubj. acid, iphenyLic Iodide). 

4. By the dry distillation of diazobenzene chloroplatinate I 
with Bodio carbonate, the nitrogen group ia replaced by ] 
ehlorine: — 
["K',(C^)Cy,PtCl4 = 2C,H,C1 + Pt.+ 2CIa + N,. 

IHaiobenzone Chlurobeozene 

cUoropUtmale. {phenylic chloride). 

The liberated chlorine is taken up by the alkaU, 
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0. By distilling diazobenzene perbromide with lime, the 
nitrogen group is replaced by bromine : — 

"N'a(CeH5)Br,Br2 = CeHsBr + Br, + N,. 

Diazobenzene Brombenzene 

perbromide. (phenylic chloride). 

The lime takes up the liberated bromine. 

HYDRIDES OF RADICALS CONTAININO COMPOUND 

BENZENE NUCLEI, 

Fusing- Boillng- 

Formola. point point. 

Naphthalene CioHg 79-2** 218° 

Phenanthrene CuH,o 100 340 

Anthracene CuHio 213 Above 360 

NAPHTHALENE. 
• H H 



H— C C C— H 



L 



H— C C C— H 



H H 

Molecular weight = 128. Molecular volume fYl . 1 litre of 
naphthalene vapour weighs 64 criths. Fiises at 79°*2. Boils 
at 218°. 

Occurrence. — In coal-tar. 

Preparation. — 1. By passing the vapour of phenylbatylene 
dibromide through a tube filled with lime heated to low red- 
ness : — 

rC(CeH5)H, 

"^CHBr = °^«^« + 2^^^ +^^- 
LCH^Br 

Phenylbutylene Naphthalene. Hydrobromio 

dibromide. acid. 



2. 6^ the destcnctiTe distillatioa of coal. I 

3. Ib Email qnaatity when the vapour of man}' organio 9 
BTi-liBtancea — alcohol, acetic acid, turpentine, 4c. — is passed'! 
tliroagh a red-hot tnbe. fl 

FroperiieB and Constitution. — Naphthalene yields witKl 
cHlorine, nitric acid, Bulphnrie acid and other reagents, anb- I 
BtitutioQ derivatives corresponding to those of benzene. I 

The conatitntion of naphthalene is determined in the fol- ^ 
lowing manner: — By the action of nitric acid on naphthalene, 
nitro-naphthalene, CiuHi(N''0,). is formed, and, from this, 
amidonaphthalene, CoHt^NHj), is obtained by redaction. 
On oxidation the amidouaphthalene yields phthalic acid, 
i CbH,(COHo), (1 : 2), and may therefore be formnlated, 
I CaHiiCjHjCNHj)]". The nitro-compound will then be— 
C!bHj[CiHs(N''0,)]" : that ia to say, there is a benzene nm 
present which does not contain the nitro-group. But by 1 
o^wiaing this nitronaphthalene, nitrophthalic acid — 

CeH,(N-'0.)(COHo).,, 
•* obtained, and therefore there must also be a benzenel 
ii-Tioleaa present, which does contain the nitro-group. As the I 
"lolecule of naphthakne contains only ten atoms of carbon, J 
wie above conditions can be satisfied only oti the supposition. I 
"lat it consiata of two benzene nuclei having two carbon atoms I 
ion, as in the formula — 




tlio acid ia an ortho- compound, and as naphthaleu^ 
8 acid, no matter which half of the molecule i 
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oxidized, the two carbon atoinB common to the two nnclei 
must be in the ortho-poBition.* 

According to this constitntional formula, there oaght to be 
two monoanbstitation compouods of naphthalene possible, 
according ss one of the four hydrogen atoms a, adjacent to 
the points of union of the two nuclei, or one of the four hydro- 
gen atoms ^, one place removed from the points of union, is 
replaced. Aa a fact, two parallel series of monosabatitntion. 
derivatiTes are known, and it is possible, as in the beneene 
group, to paae from one member of a series to another of the 
same series by means of diozo-reactiona {p. 69). The local- 
ization of the Biibatituted groups ia very simply accorapliahed. 
The nitronaphthalene above mentioned (Eusing-point 61°) 
yields on oxidation a nitrophthalic acid of the formula — 



H-C; U— COHo 

I Jl 

H— C C— COHo 



and is therefore a-nitrophthalene. 

' Soma ohemistB rererso tiiio argument, mnkiog tbc prodtio 
phtlialic acid b; the oxidation of either half of tlie naphthalene m 
a proof (a, " geometrical proof " us it is eometimes called) that phthalli] ^ 
acid ia an ortho-oomponnd. This proof ia, howsTer, faultj. Uy repie- 
eenting the benzene nucleuB bj Iiadenburg'a forinula (p. 52), it a 
poniible \o construct tno nuclei having two carbon atoms either in tfaa 
meta- or in the pora-position in common, and we should thus hare a 
" geometrioai proof" that phlhalie acid is either a meta- or a parB-oom- 
pound. As, however, it can be Independent!; proTud that phthalie acid 
is on ortho -compound, and bb it is impoa^ible to construct two l/adeo- 
burg's "priems" having two carbon af^ms in the ortho-poaition in 
common, Ladenburg'a formula fails in ita application to naphthalene, and, 
H has already been shown (p. 52), there is no other formula b 
^Kekule's remaining for our acceptanre. 



PHENANTHRENE. 73 

jS-Nitrophthalene is not known, but a-nitronaphtlialene can 
be converted into a-amidonapbthalene, and then, by the diazo- 
reaction, into o-chlomaphthalene, a liquid boiling at 254°, 
identical with one of the two known chlomaphthalenes. The 
remaining chlornaphthalene, a solid fusing at 61°, must there- 
fore be the jS compound. 

PH£NANTHREN£. 
CuHio. 
H 



/^% 



H— C C— H 
H— C Cv 



H— C C 

II I 
H— C C— H 



H 

Molecular weight = 178. Molecular volume \ I I - 1 litre of 
phenanthrene vapour weighs 89 criths. Fuses at 100°. Boils 
at 340°. 

Occurrence. — In coal-tar. 

Preparation, — 1. By passing stilbene (symmetrical diphenyl- 
ethylene) through a red-hot tube : — 

GgHs — CB[ CeHi — CH 

II = i II + H,. 

GeOs — CH. GeMi — CH 

2. By the destructive distillation of coal. 
Eeaction, — On oxidation phenanthrene yields successively 
phenanthrenequinone, diphenic acid, and phthalic acid ; — 
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fCHi— CH fC,H,— C— 

{ (I + 30 = ^ II I + OH,. 

LC,Hi— CH LC.H4— C— O 

{Phenanthrene. Phenanthrene- Water. 

quinone. 



CHtCCOHo) 
C.H4(COHo) 



fC,H4— C— f 

^ II I + + OH, = <^ 

LCsHi— c— L 

Phenanthrene- Water. Dlphenic add. 

quinone. (1 : 2) (1 : 2). 

f C,Hi(COHo) . 70 - J C.H,(COHo) , <,co x aOTt^ 
1 C.H.(COHo) + 70, - I ooHo + ^°^* + 20H-a. 

Diphenic acid. Phthalicacid Carbonic Water. 

(1 : 2). anhydride. 

Phenanthrene consists of three benzene nuclei, of whic^li 
one shares four carbon atoms with the two others — two 
atoms with each. It may therefore be regarded as derived 
from naphthalene by a repetition of the process by which thi.is 
hydrocarbon is derived from benzene. 

ANTHRACENE. 

C14H10. 

H H H 



H— C C 

J 



Cv /Cv .c 



H— C 



C C— H 



C C— H 



%c/ \c/ \c^ 

I I 

H H 

Molecular weight = 178. Molecular volume I I 1 » 1 litre of 
anthracene vapour weighs 89 crith^. Fuses at 213®. BoiU 
above 360°. 

Occurrence. — In coal-tar. 

Preparation. — 1. By passing orthobenzyltoluol through a 
red-hot tube : — 
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CeH/ NjeH5 = CeH/ | \c,H, + 2H,. 

BenzyltoIaoL Anthracene. 

(1 : 2). 

2. By the destructive distillation of coal. 
Reaction. — By oxidation, anthracene yields anthraqui- 
D-one ; — 

CIL CO 

C,H4<' I >0,^4 + 30 = C.h/ \c,H4 + OH,. 

Anthracene. Anthraqninone. 

Three monosubstitntion derivatives of anthracene are theo- 
i^^iiieally possible, and with this the facts, as far as they are 
Qiown, are in accordance. 

Class II. 

HYBBIDES OF NEGATIVE BADIGALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oxaiylic hydride or Formic acid. 

The first has already been considered (p. 29), and the second 
''^11 be more conveniently studied in connexion with the fatty 
^ids. 



CHAPTER YI. 

THE ALCOHOLS. 



The alcohols form one of the most important of the families 
of organic compounds. The simplest member of this family 
is methyHc alcohol, which is derived from marsh-gas by the 
substitution of one semimolecule of hydroxyl for one of 
hydrogen. 



76 THE ALCOHOLS. 

CI14. GHsxLc 

H H 



H— G— H H— C— 0— H 

i i 

Marsh-gas. Methylic alcohol. 

The alcohols have been termed the hjdrated oxides of the 
positive radicals ; but this is erroneons, as they do not contain 
water. Thej maj more correctly be defined as the compounds 
of hydroxyl with the positive organic radicals, whence it fol- 
lows that each series of positive radicals forms a correspond- 
ing series of alcohols. The alcohols act upon and saturate 
acids, forming a family of compounds termed ethereal sdUs, 
The acidity or acid-saturating powder of the alcohols de- 
pends upon the number of semimolecules of hydroxyl which 
they contain : the monad radicals give monohydric alcohols, 
or alcohols containing only one semimolecule of hydroxyl, 
the dyad radicals, dihydric alcohols, &c. We have thus the 
annexed three principal subdivisions of the alcohol family. 

Monohydric. Dihydric. Trihydric. 

Glycerin or OnHs-iHos 

series. 
Pyrogallic or CnHsR-s 

Hos series. 



Methyl or CnHj+xHo 

series. 
Yinyl, Allyl or 

C„H2»-iHo series. 
Phenyl or C«H2„_7Ho 

series. 



Glycol or OnHsMHos 

series. 
Orcin or CnHan-s^Oa 

series. 



The following symbolic and graphic f ormules will exemplify 
the disposal of the bonds in these three subdivisions : — 

Monohydric Alcohoh\ 

Propylic alcohol I ^ C3H,Ho or { gCCg'^H, 
{Methyl series,) } ' L CH2H0 

H H H 

H— C— C— C— 0— H 

I I 
H H 



A 
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Allylic alcohol. 1 ^ c,H.Ho or (C(CHa)"H 
( V\nyl series,) J ' " | CH2H0 



H 



H— C=C— C— 0— H 

I I I 
H H H 



Benzylic alcohol. 1 __ n tt tt^ ^« / ^sBE* 
(Phenyl series.) J - ^^^'^^ <>^ \ CH^Ho* 



H H 



C=0 H 

H— C C— C— 0— H 

% ^ I 
C— H 

I I 
H H 

Dihydric Alcohols, 
Propylenic alco- 



ho{ o^propyHc I = C,H.Ho, or { CH^o ^^°- 



glycol 

H H H 

H— C— C— C—H 

6 H 

I I 

H H 

Trihydric Alcohols, 

r CH2H0 

Glycerin = C3H5H03 ot< CHHo . 

L CH2H0 

H H H 



H^C— C— C— H 

iU 

I I I 

H H H 



TOE ALCOHOLS, 

MONOHYBKW ALCOHOLS: 
Methyl or C„H„+,Ho series, 
may be divided into three classes : — 
3. Monohydric normal alcohols J „\-, i-, '"'*^' '. 
2. „ ■Mond.rr ,. {§(S;H*5hHo- 

"■ " ""•"" ■• {c[c-Jk:& 

In the general formula of the normal alcohols « inay ^ 0, 
and even the whole radical C(C„H;,+i)Hi may be replaced by 
hydrogen, as is the case in methylic alcohol. In the fonanls 
of the secondary and tertiary alcohols n may also =: 0, bat lai 
must always be a positive iuteg'eri 

NORMAL MONOHYDRIC ALCOHOLS. 



a list of the members of this 



Methylic alcohol < -t, tt — 

Ethjlie alcohol | Ch'Uq ~- 

Propylio or tritylic al- /CMeHj f 0{CHa)Hj 

oohol \OH3Ho 1_CH5Ho 

Bntrlio <tr tetrjlio al-fOKtHs fO{CjHs)H3 

coliol lOHjlIo "'loHiilo ~ 

I„ta.,Ii.^„b.l....{™*H„{WH.,.H _ 

Amylio or pentylic al- TOPrHj rO(CjH,)H3 

coliol lOHiHo """ICHsHo '~ 

Caproylic or licijlic alcohol i -i, ^ — 
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CEnftnthjlic or heptylie alcolio] J 5^, g — 175" 

Capijlio or octjlic alcohol | ^'e Ho ~ 190—193 

NonyUe alcohol {c'^&o ^ ^* 

Dooatjlio alcohol j q^^^ — 212 

CetjUo alcohol j ch^Ho ^ ~ 



ObHu 

CHiHo 



Cerotic alcohal 

Meliasic alrohol J „^ A' 85 — 

The lower members of tlie class are liquid, and the higher 
solid. They are produced in- a variety of operations, Bnch as 
deetmctive distillation, fermentation, and animal secretion, 
"bnt by reactions whicL cannot nsually be traced. 

Relations of the normal CbHjb+iHo alcokole to the monad 
CnHj„+i radicals. 

1. The radicals CnHjn+i which are combined with hydrosyl 
in the normal alcobols may be separated, by first converting 
the alcohol into an iodide (see p. 128), and subsequently acting 
on the iodide by zinc (see p. 11). 

2. The radical nest lower in the seriea thaJi that contained 
in the alcohol, may be obtained by converting the alcohol into 
the corresponding fatty acid, and then eabmitting a salt of 
this acid to electrolysis (see p. 12). 

3. Inversely, the normal alcohols may be obtained by act- 
ing upon the normal radicals with chlorine under the influ- 
ence of light, when one atom of hydrogen in the radical is 
displaced by chlorine. 

Thus in the case of n 



fOH. . „ _ fCH. 



01. = rS'p, + HCh 
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by tbe action of potaaaie hj-dnite npou this chloriuated metliy], 
ethylic alcohol is formed, thus :^ 



lCH,Cl + ^^° - lcH,Ho 

ChlorlntiMd Polaet'ic Etiiyllc 



Selalioiis of the normal C,Hjn-nHo alcohoh to the dyad C^Hw 
radicals. 
1. The CnH», radicula are obtained from, the nonaal 
GnHn+iHo alcohols by the abstraction of the elemenln 
water: — 

Ethjlic WBtfr, Elbylene 



■ (rf I 



2. InverBely, ihe normal alcohols are obtained from. tlieM 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the product Tvith 
potassic hydrate :— 



„fOH. „„ _ fOH. 



{oaci + ™' = {ilno + KOI. 

Ethj-lip PutasBlc Eihj-lic PotMBle 

chloride. hjdniie, alcohol. thlDiMe. 

or by nniting the dyad radicals with snlphnric acid, and dia- 
tilling the product with water :— 

SOaHoa + C=H. = SO,Ho(CsH,0) : 

Sulpburic Eihyleno. SnlpboYinli; Hdd, 

SOjEtoHo + OH, = SO,Ho, + EfHo. 

3ulphn.lnle Wi.ler, Siilph.irit E.hylio 
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Relations of the normal CnHa«+iHo alcoJwls to the hydrides 

of the CnH2n+i radicals. 

1. When the alcohols are converted into iodides (see p. 128) 
and the latter digested with zinc and water at 100°, the cor- 
responding hydrides are produced : — 

Zn(C,H„+,)« + 20H, = ZnHo, + 2{^»^'"'+'. 



Zinc compound 
of radical. 



Water. 



Zincic 
hydrate. 



Hydrid- of 
radical. 



2. When the hydrides of the CnH2n+i radicals are acted 
npon by chlorine nnder the influence of light, they produce 
tlie chlorides of the radicals, from which the alcohols may be 



EtH 




Ch = 


A^^ ^^1 ***** 

EtCl 


+ HCl; 


Ethylic 
hydride. 






Ethylic 
chloride. 


Hydrochlo 
ric acid. 


EtCl 


+ 


KHo = 


EtHo 


+ KCl. 


Ethylic 
chloride. 




Potassic 
hydrate. 


Ethylic 
alcohol. 


Potassic 
chloride. 



Relations of the CnH2n+iHo alcohols to the radical cyanogen. 
Ascent of the alcohol series, Mendius's reaction. 

By the dry distillation of potassic sulphovinate and its 
homologaes with potassic cyanide, the nitriles or abnormal 
cyanides of the radicals are produced : — 



SOjEtoKo 


+ KCy = 


SO2KO2 


+ 


EtCy 


Potassic 


Potassic 


Potassic 




Propio- 


sulphovinate. 


cyanide. 


siUphate. 




Ditrile. 



By treatment with nascent hydrogen, this ethylic nitrilo 
is converted into propylamine : — 

M[C(CMeH2)]'" + 2H2 = N[C(CMeH2)H2]H2 or NPrH^. 

Proplonitrile. Propylamine. 

WAT TT fl 
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By the action of nitrous anhydride, propylamine is trans- 
formed into propylic alcohol ; — 

2NPrH2 -f N,03 = 2PrHo + OH^ + 2^2. 

Propylamine. Nitrous Propylic Water. 

anhydride. alcohol. 

It is obvious that by repeating these reactions on propylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition 
of the process. But in these reactions a secondary alcohol is 
generally formed at the same time. 



METHYLIC ALCOHOL, Carhinol, Wood SpirU, Pyroxylic 

Spirit, 

CH3H0 or MeHo. 

Molecular weight = 32. Molecular volume I ( | . 1 litre of 
methylic alcohol vapour weighs 16 criths, 8p. gr, 0*798. 
Boils at 66°-5. 

Preparation. — 1. From marsh-gas by the action of chlorine 
and subsequent treatment with potassic hydrate : — 

CH4 -f CI2 = CH3CI -f HCl; 

Marsh- Methylic Hydrochlo- 

gas. chloride. ric acid. 

CH3CI -f KHo = CH3H0 + KCl. 

Methylic Potassic Methylic Potassic 

chloride. hydrate. alcohol. chloride. 

2. From the essential oil of Qaultheria procumhens, by the 
action of potassic hydrate : — 

CvHiOHoMeo -f KHo = C7H4OH0K0 -f- MeHo. 

Oil of Qaultheria pro- Potassic Potassic salicylate. Methylic 

cuHi6«n». (Methylic hydrate. alcohol, 

salicylate.; 

8. By the destructive distillation of wood. 
Reactions. — 1. Methylic alcohol unites with some salts in 
the capacity of water of crystallization, as, for instance : — 

CaCl2, 2MeHo. 
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2 . By the action of potassium and sodinm, methylates are 
lormed with elimination of hydrogen : — 

CH3K0 CHsNao. 

Potassic Sodic 

methylate. metbylate. 

^- By oxidation it is transformed into formic acid : — 
jcH^Ho + 0» = {cOHo "^ ^^" 

Methylic Formic add. Water, 

alcohol. 

*- "When distilled with calcic chloro-hypochlorite (chloride 
V t^wze) and water, chloroform is produced : — 

CaCl 


nn^ J Ca" 

2CH:3Ho H- 4Ca(0Cl)Cl = 2CHCI3 + <0 + 3OH3. 

Ca" 

^CaCl 

^fj^^lic Calcic chloro- Chloroform. Calcic oxy- Water. 

•**^*^ol. hypochlorite. chloride. 



ETHYLIC ALCOHOL, Alcohol^ Spirit of Wine, 

{ci:Ho-E*so. 

^^^cular weight = 46. Molecular volume QD* 1 ^^^^^ of 
ethylic alcohol vapour weighs 23 criths. Sp. gr, 0*792 at 
20°. BoiUatrS^'A. 

^reparation. — 1. From ethylene (p. 80). 
^« By the fermentation of grape-sugar with yeast at a tem- 
perature of about 22° :— 



C»HuO, = 


= 2C2H6H0 


+ 2CO2. 


Grape-Bugar. 


Ethylic 
alcohol. 


Carbonic 
anhydride. 



At the same time, however, other products are formed, but 
^ very small quantities. 
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^^ 


1 


Feactions.—l. Treated 


with 


potass 


um or sodium, 


.IcoW 1 


foi-ras ethyl ate a :— 










rcH, 

t CH,Ko' 






roH. 

t CH.Nao- 




2. Passed throagh a r 
into marsh -gaa, hydrogen 


d-hot tube, alcohol is decomposed 1 
aud carbonic oxide ; — 1 


CHsHo = 

Elbylic 


CH, 


+ 


H. + CO. 





L 



OH,. 



1 



Small qoantities of ethylene, benzene, and naphthalene are 
simnltaneouBly pi-odnced, whilst carbon ia deposited. 

3. By oxidation, ethylic alcohol is converted first into i 
hyde, and then into acetic acid :■ — 

\OH,Ho + " - \00H 

KthjUc aictJiol. ALdfhjde, Water, 

\COH + ^ - \cOHo- 

AlSehjdc. Atelie atid. 

4. Distilled with chloride of lime, etlijlic alcohol prodnces 
chloroform. 

Aleohdlaies are salts containing alcohol in the place of 
water of crystallization ; they are mostly deooinpoBed imme- 
diately by water. 

The following are known : — 

ZnClj, 2C,HjHo. 
CaCls, 4CiHiHo. 
NAMgo",6CjHjHo. 

5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethylic cldoride and cMorsl 
hydrate (the hydrated aldehyde of trichloracetic acid: — 

a/OH. ^^n,. _ /qci. ^ rOH. 



'tOH-Ho 

EXbllia BtcDho 



+ 4C1, 



■ lOHHo, + Ic 



, + 4H01. 



r EtHs. 



MERCAPTAN, Sulphur Alcohol, EthjUc Sulykh^drate, 
Ui/drosulphate of Ethyl 

rcH, 

1 OH,Ha ° 

Molecular weight = 62. Mnlecular volume | J. !■ 1 litre (\ 
mercaptan vapour ledgl^s 31 criiha. Sp. gr. u/ liquid 0'8 
Boils at 36°. 

Preparation. — Bj diatiiliog potassio sulphovinate with po- 
Bsic anlphhydrate : — 

ao,EtoKo + KHb = EtHa + SO^Ko,. 

BDlpbuviaalB. Bulphb^dTiLtfl. au^p^la. 

1. — 1. By the action of potassium and sodiurc 
iptan, an atom of hydrogen is displaced by the metal, ' 
producing mercaptides : — 



rCHs 
1 CH,K8- 



2. Mercaptan acts npon 



rcH, 

\ CH.jNas' 

in with great energy, I 
laptide being formed : — 

}g«;Hga" + OH. 
ICHj 



obtained from the fnsel oil of I 



a white crystallin 



r, •■ 1 1 , rCMsH, . 
Tropyhc "i'w'w^.lcH^jio. i 

the marc brandy of the aoiith of France. 

Isohidijlio alcohol, I f,rj tt < is contained in the fnsel oil pro- I 

dnced in the preparation of spirit from the molasses of beet* I 

root BUgar. Btttjlicalcoholof theformnla J „„ rr' is obtained J 

from butyric acid by Piria and Wartz'a reactions, describedj 

at p. 156. 
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Isamylic alcohol^ i CH H *' ^® ^^® chief constituent of tlie 

fusel oil obtained in the manufacture of alcohol from potatoes 
or grain. Two other normal isomeric amylic alcohols are 
given in the Table at p. 78. 

As far as these alcohols have been studied, they resemble, 
in their chemical relations, the two previously described. 



SECONDARY MONOEYBBIG ALCOHOLS. 

General formula. . { ri/n^xr"^ \xjtt . 

L v/(UmJn.2«+i;Jhi±lo* 

The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids. 

The following secondary alcohols are at present known : — 

Boilinfjf- 
point 

82-8° 

97 

116—117 

119 



Methylethyl carbinol. 



Isopropylic alcohol or dimethyl f CH3 

carbinol \ CMeHHo 

/'CH, 
\CEt.HHo 

Diethyl carbinol {cSho 

Methylpropyl carbinol | CPrHHo 

Methylisopropyl carbinol . . . . < hm^HH "^^^ 

Pseudohexylic alcohol or me- / CPrH2 107 

thylbutyl carbinol \ CMeHHo ^"^^ 

Methyltertiarybutyl carbinol . < nM TTH ^^^ 

/ CEtHa 
ICEtHHo 

r CEtHo 



Ethyl propyl carbinol. 



Dipropyl carbinol 



1 CPrHHo 



135 
160 



Diisopropyl carbinol < CgPrHHo ^^^ 

Methjlhexjl carbinol (c(C6Hi,)HHo ' * ^^^'^ 



ISOPGOPYUC ^U.C0HOL. 



.Ib.yl.o.,1 crbiuol { g[J,-^^,,HHo 



BoIUng-poinl. 1 

. 229= 



s obtained hj the action of nascent hydrogen a 



rcH, 



C(CHOHHo' 



TKefirati 
acetone — 

Acetone. iJOpropjHe ilmbol. 

^ Q.« relation exiatiog between ethjlio alcohol, propylio 
alcolio!, and iaopropylic alcohol, will at once be evident from 
tue lollowing formulie : — ■ 

fCH, rC{CH3)H, 

tCH,Ho- tCH,Ho ■ 

Elbylic bIl-oIioL. Propylio nloohol. 

^^om these formnlra it is seen that propylic alcohol is \ 
^^ylic alcohol, in which one atom of hydrogen in the methyl 
(or twii'Qxygenated part of the componndj ia displaced by ' 
roetliyij whereas isopropylic alcohol is ethylio alcohol i. 
wnich one atom of hydrogen in the oxygeitatei part of the 
■""^pound ia displaced by methyl. 

Ethjiic alcohol boils at . . 78'4° 
Propylic alcohol „ .. !J7--i 
Iaopropylic alcohol „ . . 82-8 
Thus, by subatituting a semimolecule of methyl for o 
''yarogen in the non-oxygenated part of the alcohol, the \ 
"Edition of CH, raises the boiling-point 19°; whilst, if a 
^tom of hydrogen in the oxygenated part be similarly dis- J 
PlSpCed, the same addition only raises the boiling point ■4°-4.. 

Isopropylic alcohol yields by oxidation a ketone, and no 
^Oaoid. The radical oxatyl being; a necessary conRtituent L 
'^'^anic acids, it will be seen from the following equations 
tliat, although propylic alcohol can be converted into an acid 
^thoat the disrnption of its carbon atoms, isopropylic alcohol J 
^Xsuiai be BO transformed ;^ 



rcH, 

1 CH,Ho 



0= 



rcH, 

\COHo 



OH,. 
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-C— H 

A 



I 
H 

H 

rC(CH3)H2 
I CH2H0 

Propylic alcohol. 



H 



H— C— 

I 
H 



H 



— C- 



H 



H 



-C— H 

I 
O 



H 



fCHa . 

tC(CH3)HHo ^ 



H 

I 



Isopropylic 
alcohol. 



H 



H 



C— 



i 



H 



H 



H 

J. 
I 



H 



O 

i 

I 
O 

I 
H 



+ 0, = 



_ r 0(CH.)H, 
ICOHo 

Propionic acid. 



+ OB 



H 



H— C- 



H 



4- 



H 



O 



= 



_ /CH3 
1 00(CH,) 

Acetone. 



-0 

i 

I 

H 

+ 



H 



H 



I 



I H 



H O H 



H 



Water. 



OH2. 

Water. 



TERTIARY MONOHYDRIG ALCOHOLS. 
General formula. . { %9:^^'^?ii . 
The following members of this series are known : — 

BoUini 
pointa 

Psendobutylic alcohol or tri- 1 cMesHo 83-8 

methyl carbmol J 

Dimethylethyl carbinol CEtMejHo 96— S 

Dimethylpropyl carbinol CFrMeaHo 115 
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Boiling 
points 

o 



DimetbyKsopropyl carbinol C)3PrMe2Ho 112 

Methyldiethyl carbinol CEtjMeHo 120 

Triethyl carbinol CEtsHo 

Methylethylpropyl carbinol CPrEfcMeHo . . . 
Me^yletbylisopropyl car- j Cy3PrEtMeHo . / . 

Dimetbylisobntyl carbinol . . CiSBuMcaHo 129—131 

Dimetbyltertiarybntyl car- f CMca ,„, ^qo 

binol \ CMcgHo 

... CPrEt^Ho 145—155 



141 
135—138 

124—127 



Diethylpropyl carbinol 



fCHa 



les 



Pseudohutylic alcohol, i CM TT ' ®™^s ^ small quantiti 

in bntylic alcohol obtained by fermentation ; it has also been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the product thus obtained to the action of 
water : — 

{c?Cl + 2ZnMe, = { gg;^(z,«MeO) + ^^^Cl; 

Acetylic 
chloTide. 



Zincic 
methide. 



Zincic chlor- 
methide. 



{CH 
CMe2(Zn"MeO) 



+ 



2OH2 

Water. 



H- 



/CH3 
\ CMezHo 

Pseudobutylic 
alcohol. 



+ CH4 + ZnHo2. 



Methylic 
hydride. 



Zincic 
hydrate. 



H 



H— C— H 




rcH, 

\ C(CH3)jHo- 



Psendobntjlic alcohol. 
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CHAPTER VII. 
MONOHYDRIC ALCOHOLS .- 
Allyl or C.Ha,_,Ho aeries. 
Only one alcohol of this eeries is known ; it 



Allylic alcohol . . 



r CMe'H 
1 CH.Ho ■ 



H— C = C— C— O— H 

i I I 

H H H 

ALLTLIC ALCOHOL. 

rCMe"H ,,,-0- 
ICH.Ho"^^^"- 

Boils at 9t)°-5. Sp. gr. of liquid at 0" = 0-8709. 
Preparatum. — ^Glycerin, when submitted to the 
diphosphorous tetriodide, yields allylic iodide :^ 

fCH,Ho .JCH, 

'P",Ti + 2^ CHHo = 2 CH + SPOHHoj + 
LCH.Ho ICHJ 

BlpliosphorouB Olfcerin. AUrlic PhoaptiorDui 

islriodlde. iodide. mli- 

The allylic iodide is then decomposed by argentic oxala 
when allylic oxalate is formed : — 

/ COAgo _ / COAllo 
I COAgo 



2Am 

AHtIIc 



\ COAllo 

AlLllic 



2AgI. 



The allylic oxalate is next decomposed by ammonia, wt 
ozamide and allylic alcohol are produced : — 

rooAiio „„„ _ roo(N"'H,) 

\OOAUo + ""^ - \00(N'"H,) 



2AUH. 



PROPARGYLIC ALCOHOL. 
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Reactions, — 1. In all ordinary reactions, allylic alcohol 
)eyia»ves like ethylic alcohol. By oxidation it gives acrylic 
W5id : — 

\CH.Ho + ^« - icOHo ^ "^^- 



ADylic 
alcohol. 



Acrylic 
acid. 



Water. 



2. With phosphoric anhydride it yields allylene :■ 

H 



I 

I 
H 



(CH, 



A-mong the ethereal salts of allylic alcohol, the sulphide 
and sulphocyanate occur in nature as garlic and mustard 
oils:— 

CMe'H 

S" 

CH, 

CMe"H 



" -< 



CMe"H 

CH, 

N 

CS'' 



Allylic sulphide. 
(Garlic oil.) 



Allylic fulphocyanate. 
(Mustard oil.) 



MONOHYDBIC ALCOHOLS. 

Propargyl or CnH2«_3Ho series. 

Only one alcohol of this series, a normal alcohol, is 
n:— 

.,|CH I 

PropargyKc alcohol }C . H— C=C— C— 0— H 

iCH^Ho 



H 



FR0FARG7LIG ALCOHOL. 
,./CH 

•[CH2H0 
^o& at 110—115°. 8jp. gr. of liquid at 21° = 0'%^8. 
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Preparation, — By the action of an aqueous solution of 
potassic hydrate on monobromallylic alcohol : — 

,,/CH2 ,»;jCH 

jCBr -f OKH = /C . + KBr + OH,. 

{CHjHo jCHaHo 

Monobrom- Potassic Propargylic Potassic Water, 

allylic alcohol. hydrate. alcohol. bromide. 



CHAPTER VIII. 

MONOHYDRIC ALG0E0L8. 

Phenyl or C»H2ii_7Ho series. 

These alcohols may be divided into normal, secondary, and 
tertiary. The members of these three classes possess the 
general properties of the alcohols of the ethyl series. There 
is, however, in the phenyl series a class of alcohols in which 
the semimolecule of hydroxyl is directly united to the ben- 
zene nucleus. The members of this class are known as 
phenols. They may in one sense be regarded as a peculiar 
species of tertiary alcohols, inasmuch as the carbon atom to 
which the hydroxyl is united has its other bonds satisfied by 
carbon only. They exhibit a slightly acid character, dis- 
solving in caustic alkalies, but being again expelled from 
this combination by carbonic anhydride. 

Class I. NORMAL ALCOHOLS. 
General formula < qtj S~^» 

Fusing- BoUing^ 

Formula. point. point. 

BenzyUc alcohol | OH^Ho Liquid. 207° 

ParatoljUc alcohol j o^Ho^ 0- ' 4) 59° 217 

PhenylethyUc alcohol . . | q^-^q^^^^ Liquid. 212 



TERTUBT ALCOHOLS. 
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Formula. 



PVLenylpropyUc alcohol. . {oH^^o^^^^ 

CumyUc alcohol {o'h H^' (^ '' ^^ 

Sycocerylic alcohol { oHHo 



Fiuing- 
point. 


Boiling 
point. 


Liquid. 


235° 


Liquid. 


243 


90° 





Class II. SECONDARY ALCOHOLS, 



a. General formula 



\C(CnH2rt+i 



Formula. 
Phenylmethyl carbinol . . { %^^^^^ 



)HHo 

Fusing- 
point. 

Liquid. 
Liquid. 



h. General formula < ri//-»^' mttt • 

I C(C„H2;,_7)HH0 



Formula. 



Fusing- 
point. 



Boiling- 
point. 

202—203' 



210—211 



Boiling- 
point. 



Kpienyl earbinol {c&)HHo 

Benzylphenyl carbinol . . { ^ jgg^^gfe^ 



67-5—68° 297—298' 



62 



69 



Class III. TERTIARY ALCOHOLS, 
a. General formula < rt/n'^'ir^ n tt • 



Formula. 



Fusing- 
point. 



Boiling- 
point. 



Bensiyldimethyl carbinol | c^'qo^' 20—22° 220—230°. 

6. General formula { g(gX_,)(c„H^,,)Ho • 
No example of this subdivision has yet been prepared. 
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•• ^^"*^ '^™^» { C(CrHL0.Ho- 

Fcnnnlia. ForiB^-iwiiit. Bofling-point 

Triphenyl carbiDol < opL*g 157° Above 360** — 

Class IT. PHEXOLS, 
Greneral formula CaHsa^tHo. 

Faring- Boilins- 
Fonnula. pinnt. point. 

Phenol (carbolic aciil, 

phenrUc alcohol) .. CjHjHo 42° 181-5" 

Orthocresol C^H^MeHo (1 : 2) 31— SI'S 185—186 

Metaciesol C^H^MeHo (1 : 3) liquid 201 

Paracresol C^H^MeHo (1 :4) 36 199 

Xrlenol (dimethjl- 
phenol, 5 isomers 
knovn) CgHjMcjHo — — 

ParaethTlphenol .... C«H4EtHo (1 : 4) 47 211 

Phlorol* CgH^KtHo liquid 220 

Mesitylol CgH-MejHo (1 : 3 : 5 ; 6) 6a— 69 220 

Pseudocumenol CeHsMejHo 69 240 

Thymol OgHa/SPrMeHo (1:4:6) 44 230 

Ca^vaerol CeHa/SPrMello (1:4:5) Uquid 233-235 

A dihydric compound which combines the properties of ^ 

phenol and a normal alcohol, is saligenin, < ^tt tt (1 : ^^' 

the alcohol corresponding to salicylic acid. 

Class I. NORMAL ALCOHOLS. 
BENZ7LIG ALCOHOL. 

/CeH5 

1 CH2H0 

Boils at 207°. iSp. gr. of liquid 1-06. 
Preparation. — 1. By treating oil of bitter almonds wi^' 
alcoholic potash : — 



^ICOH + ^^° + lCH,Ho + 



\ OOKo' 

Benzoic aldehyde. Potasdc Benzylic alcohol. Potassic 

(Oil of bitter hydrate. benzoate. 

almonds.) 
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2. Benzylic alcohol may be obtained from toluol by first 
conveiHjiiig tbe latter into benzylic chloride by the action of 
chlotdne — 

{ckn + ^^' = {ckci + ^^'' 

Tolaol. Benzylic chloride. Hydrochloric 

(Benzylic hydride.) acid. 

and then submitting the benzylic chloride to the action of 
potassic hydrate : — 

{ckci + K^o = {ckko "^ ^^^- 

Benzylic Potaraic Benzylic Potassic 

chloride. hydrate. alcohol. chloride. 

3. By digesting benzylic chloride with freshly preci[)itated 
plnmbic hydrate : — 

^Wi*yllc chloride. Plumbic Plumbic Benzylic alcohol. 

hydrate. chloride. 

By passing a mixture of hydrogen and the vapour of 
oeiizoylic chloride over heated spongy palladium : — 

{cOCl + ^^' = {ckHo + ^'^^- 

Benzoyllc chloride. Benzylic alcohol. 



Class II. SECONDARY ALCOHOLS, 
PHENTLMETHTL CABBINOL. 

{cMeHHo-CP^^^^^- 

^. gr. of liquid at 0° = 1'013. Boils at 202—203°. 
^:| ^'f^aration. — By the action of sodium amalgam on an 
^qiieons-alcoholic solution of methylphenyl ketone (aceto- 
phenone) : — 

COPhMe -f H2 = CPhMeHHo. 



Acetophenone. Phenylmethyl 

carbinoL 



/ 
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Class HI. TERTIARY ALCOHOLS. 

TBIPHEN7L CABBINOL. 

CPhaHo. 

Fuses at 157°. Boils above 360°. 

Preparation. — By treating a mixture of equal molecules of 
diphenylcarbinol and benzene with dehydrating agents, tri- 
phenylmethylic hydride is obtained : — 

CPh^HHo. + PhH = CPhsH -f OH,. 

Diphenyl Benzene. Triphenylmethylic Water. 

carbinoU hydride. 

When this compound is oxidized with chromic acid, it ^ 
converted into triphenyl carbinol : — 

2CPh3H -f O2 = 2CPh3Ho. 

Triphenylmethylic Triphenyl 

hydride. carbinol. 

Class IY. PHENOLS. 

PHENOL, Phenylic Alcohol^ Carbolic Acid, Phenylic Acid. 

CeHjHo or PhHo. 

Molecular weight = 94. Molecular volume fTl ' 1 H^^^ ^ 
phenol vapour weighs 47 cHths, Sp. gr. 1'065 at 1° • 
Fuses at 42°. Boils at 181°-5. 

Occurrence, — In coal-tar, and in small quantity in the unne 
of man, of the cow, and of the horse. 

Preparation. — 1. By the distillation of salicylic acid witt 
baryta or lime : — 

I CO Ho ~ CeHsHo + CO2. 

Salicylic Phenol. Carbonic 

acid. anhydride. 

2. By fusing potassic benzenesulphonate with potassic 
hydrate : — 



IsSko "^ ^^^ "= CeH^Ho + SOK02. 

Potassic Potassic Phenol. Potassic 

benzenesulphonate. hydrate. sulphite. 
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3. By boiling diazobenzene nitrate with water (see p. 69). 

4. It ia also produced in the deatmctive distillation of 
^^Tnerons oi^anic substances. 

5. Phenol ia formed when the vapour of ettylic alcohol or 
**^ic acid ia passed through a red-hot tube. In thia manner 
Ptienylio compounds may be obtained from their elements ; 
■Or both acetic acid and alcohol may be built up from carbon, 
Wjdrogen, and oxygen. 

Beactions. — Treated with chlorine, bromine, or nitric acid, 
plenol produces a aeries of substitution products, of which 
tie following are examples : — 

Dichlorphenol CsHaCUHo. 

Trichlorphenol CjHjClaHo. 

Perohlorplienol CeCliHo. 

Bromphenol C„H.BrHo. 

Sitrophenol CA(N'Os)Ho. 

Dinitrophenol CHaCN'OOgHo. 

Trinitrophenol (Picric add) . . . CsHsCN'OiXHo. 
j- Amidodinitrophenol (Picramic 
L add) C,H,(N"'H,)(N'Oi)»Ho. 



CHAPTER IX. 
BISYDBJG AL00M0L8. 
Glycol or C„H,,Ho= series. 



The following is a list of the glycols at preaant known, with 
tbdr constitutional forinulra : — 



fllycDl or Ethylic glycol . . 



f CHjHo 

fclpriio gljeol (a) < CHj 

LoHjHo 
CMeHHo 



(*)■■ 



lOHaHo 
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rOMeHHo "''^ 

ButjUc glycol (a) i Clfj 203-5— i 

LoHjHu 

,., ICEtHHo ,„, , 

,, fCMeHHo ,„, , 

" ("^J 1 CMeHHo ^'" ^ 

-J, rCMejHo i-a_i 

A^jlicgljcol (.) {cmS '^'■ 

" " W {cSho 1" 

Heiylk-glj™l (a) { o™" ^ 

„ „ (i) CeHijHo, 212—2 

(pi-ta;, '"} {S3: (—•"'-"■) >"-■ 

Ootjlio glycol (n) 0,Hi8lIoa 235—2 

(EthjlmethjIpinakonE) f \ OEtMeUo ^""-^ ** ^^ ' '''-*^^ 

Methylic glycol lias not been prepared, bnt its dimetli 
ether, CHaMeoj, methylal, is known. 

It will be observed that the boiling-points of the glj 
often differ from each other in a direction inverse to that 
Tionaly noticed in the case of the normal monohydric alcol 
the more complei sabstances fretjnently boiling at a k 
temperature than the simpler ones. 



GLYCOL. ETHYLIC GLYCOL, Ethjhnic Alcohol. 
r CH,Ho 

\ CHjHo- 

Molecular weigM = 62. Molecular vnlurne I I ( - 1 litr 
elhylic glycol vapour taeigha 31 criths. Up. gr. 1\ 
Both at 107° -5. 

Preparation. — Ethylsnic dibromide is treated with arge 
acetate, and thus converted into ethylenJc diacetate : — 



DERIVATIVES OF GLYCOL. 



Etbrlenlc ArgtnUc an 



fOH,.O.OMeO , o.,B, 
l0H,-0-0Me0 + 2igBi-- 



The ethylenic dirjcetate is tio.v acted upon by potaasic 
)*yirafce, and yields potaasic acetate and glycol : — 



rCH,-0-CMeO 
t^CHi-O-CMoO 



+ 2KHo = {chIho "•■ 2CMeOKo. 



[ SieaotioTis. — 1. Glycol is easily oxidised, the first product of 
•ts ozid&tion being glycollic acid : — 



r CH,Ho 
\ CH,Ho 



/ CHiHo 
tcOHo 



2. By further oxidation oxalic acid is formed ; — 

20- = {otHo + 20H, 



f OH.Ho 
1 OH.H0 



3. Potaaaic oxalate in produced by heating glycol and po- 
*«sio hydrate together to 250° ;— 



ll,dr«=. 


_ fCOKo .„ 
- IcOKo + *^"- 


i Treated with potassium 
njdroiyl in glycol is replaced 


r Bodium, the hydrogen of the 


/ CH,Nao 

Manosodtaglyool. 


/ CH.Nao 
lcH.Nao- 


The foUoning list contains s 
Of glycol :- 


me of the principal derivativea 


rCH,Ho 

lCH,Ho- 

GIjcul. 


f CH,Ha 

Sulphur gljcol. O*- " 
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r CHgHo 

loH.cr 

ChlorbydHc 
gijcol. 




/ CH,Ho ^^ 
\ CH,Bp ■ 

Btamb}itie 
gircol. 


r OH,Eto 
l0H,Br ■ 




r GH.Eto 
tCHjHo- 

Hjdrlc elhyUc 


r OHjEto 
I CHjEto' 




Jo or 1°'^* 

^ go " 10H.-0.0Mb0' 


"S" 




LOH, 

Gluconic 


rOH,Ho 

OH, 
io or 

00 
LOH. 

gircoi. 


/ CH,Ho 

\CH,.O.CMeO' 


rcH, 

CO 


CH, fCHrO-CMeO 
CH, "^ 1 CH,-0-CMeO- 


CO 
LCH, 




- 


CO 



CH, 

CH, ""^ 



CO 


/CHi-O-CHbO ^^I 
t CHi-O-CFrO ' ^^B 

tolmtyrlc gljicDl. ^^^^^H 




POLTETHTLENIC GLYCOLS, ^| 




Polyetl 


j/Iei(/c Alcohols. ^^^^ 


These bodies are produced by heating ethjlcnic oxide with 
glycol in sealed tubes, and by other processes. They may be 
L regarded as formed by the addition of ethylenic oxide to 
1 gljool 
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Diethjlenic glycol 



Triethylenio glycol 



« • • • 



^CH,Ho 
CH, 
O 

CH, 
CHjHo 

CHaHo 

CH, 

O 

, CH, 

^CH, 

O 

CH, 

CH,Ho 

■CH,Ho 
CH, 
O 

CH, 
CH, 
O 

CH, 
CH, 


CH, 
CH,Ho 



Pentethylenic and hexethylenic glycols have also been 
>rnied. 



Tetrethylenic glycol ....-< 



CHAPTER X. 

BIHTDEIO ALCOHOLS. 

Orcin, or CnHan^sHo, series. 

The orcin series of alcohols are derived from benzene and 
6 homolognes by the substitution of two semimolecules of 
ydroxyl for two hydrogen atoms of the nucleus. They 
lerefore belong to the class of the phenols or phenylic 
Icohols. The following members of this series are known. ; — 
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\ 



Fnsiiiff- Boflfng- 
point. point. 

Pyrocateclim(orthodioxybeiizeiie) . . O0H4HOS (1:2).... 104° 245* 

Kesorcin (metadioxybenzene) O^HiHos (1 : 3) .... 118 276 

Hydroquinoce (paradioxybenzene) . O5H4H0S (1:4) .... 172*5 — 

Orcin 06HsMeHo2 86 290 

l80-orcin OgHaMeHo, (1 : 2 ; 4) 87 260 

Homopyrocatechin OfHsMeHoa (1:3: 4) «emi-liquicl _ 

Hydrotoluqninone OgHsMeHos (1:2:6) 124° — 

Hydrophlorone OgHsHo] — — 

PYROCATECHIN. 
C,H4Ho2(l:2). 

Fuses at 104°. Boils oi 245°. 

Preparation, — 1. Bj fusing potassic ortliophenolsnlphonate 
with potassic hydrate : — 

C,H4Ho(SOaKo) (1:2) + KHo = C,H4Ho, (1 : 2) -f SOKo,. 

Potassir ortho- Potassic Pyrocatechiii. Potassic 

phenolsnlphonate. hydrate. sulphite. 

2. By the dry distillation of catechn gnm. 
The monomethyl ether of pyrocatechin, C6H4MeoHo (1:2), 
occurs in beechwood creosote. 

BESORCIN. 

CeH4Hoa (1 : 3). 

Fuses at 118''. Boils at 276''. 

Preparation. — 1. By fusing potassic metabenzenedisulpho- 
nate with potassic hydrate : — 

C6H4(S02Ko)2 (1 : 3) -f 2KHo = C6H4H02 (1:3) -f 2SOKo2. 

Potassic meta- Potassic Besorcin. Potassic 

benzene-disiilphonate. hydrate. sulphite. 

2. By fusing Qalhanum asafoetida and various other resins 
with potassic hydrate. 

HTDROQUINONE. 
CeH4Ho2 (1:4). 
Preparation, — 1. By treating arbutin with emulsin, or by 
boiling it with dilute sulphuric acid : — 



ORcm. 103 

jQt I C12H18O7 -|- OH2 = CeH4Ho2 H- CeMijOf. 

Arbutin. Hydroqninone. Glucose. 

2. By the action of sulphurous acid upon a solution of 
qninone. 
^ 3. By the destructive distillation of quinic acid. 

4. From para-amidophenol, CeH4Ho(NH2) (1 : 4) by treat- 
ment with nitrous anhydride and subsequent boiling with 
water (see diazo-reactions, p. 69). 

Reactions. — 1. Passed in vapour through a red-hot tube, it 
is decomposed into quinone and hydrogen : — 

C6H4H02 ^ C6H4Q > -f H2. 

Hydroqninone. Quinone. 

2. By many oxidizing agents it is transformed into qui- 
none : — 

CeH4H03 -f O = C6H4q} + OH2. 

Hydroquinone. Quinone. 

3. By the action of chlorine or a mixture of potassic chlo- 
rate and hydrochloric acid, it is converted into perchloro- 
quinone (chloranil) : — 

CeH4Ho2 -f 3CI2 = CbCUqI H- 6HC1. 

Hydroquinone. Chloranil. 

ORCIN. 

C6MeH3Ho2. 

Melts at 86^ Boils at about 290°. 

Occurrence. — In certain lichens, such as Lecanora tartarea, 
MocceUa Unctoria^ and Variolaria ordna. 

Preparation, — By the dry distillation of orsellinic acid, or 
by boiling this acid with powerful bases : — 

CsHeOi = CeMeHsHoa -f CO2. 

Orsellinic add. Orcin. 

Many other bodies which are obtained from lichens, such as 
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lecanoric acid, erjthrin, and picroerythrin, yield orcin under 
eimilar treatment ; but all these compoonds give first orsel' 
linic acid, which then breaks np into orcin and carbonic 
anhydride ; thus : — 

CieHuOT -i- OHa = 2C8H8O4. 

Lecanoric acid. Ondlinic add. 

C20H22O10 + 2OH2 ^ C4Mio04 H- 2C8H804" 

Erythric add. Erythrite. Orsellinic add. 

C12H16O7 -f OH2 = C4H10O4 + C8H8O4. 
Picroerythrin. Erytbrite. OneUinic add. 

lieactions. — 1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products: — 

Mdtinff* 
point. 

Monobromorcin C6MeH2BrHo2 135° 

Tribromorcin C6MeBr3Ho2 103 

Trichlororcin CeMeClsHoj 159 

Triiodorcin CMel3Ho2 — 

Trinitro-orcinic acid . . C6Me(N02)8B[o2 .... 163 

2. By treatment with ammonia in the presence of free 
oxygen it yields orcein, the colouring-matter of Archil and 
Cudbear, the reaction being probably the following : — 

CeMeHsHoa -f NH3 -f Oa = C6MeH8(N^02)Ho ? + 2OH2 

Orcin. Orcein. 

The so-called hetaorcin is the monomethyl ether of orcin, 
CeHaMeMeoHo. 

ALIZARIN, 

Ci4H602H02. 

Alizarin, the chief colouring-matter of the madder root, is 
a dihydric phenol derived from anthraquinone C(i4H802) 
(see p. 75). The formula of alizarin is — 

CoIl4<^ QQ ]>C6H2H02. 

It may be prepared artificially in the following manner. 
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Anthraqmnone, when heated with concentrated sulphur 
add, yields anthraquinone-sulphonic acid : — 
C,4HA + SO:Ho= ^ C„H,0,(SOiHo) + OH,. 

4nlhraqniiione. Sulpharic AnUiraqninonr-nil- Walei. 

"ben the potash salt of anthraqniuoae-salphonic acid ill 
rased ivith caostic potash, the monad group (SOjKo) is r©-^ 
placed by potassoiyl, whilst at the same time a second semi- 
molecale of potassoxyl is introdaced, hydrogen being evolved. 
Ihe product is potaasic alizarate : — 

CwHvOsCSOjKo) + 3KHo = C,.H,0,Ko, + SOKo. 

+ OH. + H,. 



On -the addition of ai 
P^taBsic alizarate, alizarii 



P*'^6'B with the natnral product from 1 
precipitated. 

C,H,Ho<^^>C.H3Ho, 
iwmai-ic with aliza 
"Tauallysimnltai 



acid to an aqneona soiation ofV 
(CnHjOjHo,) identical in 



, but possessing no tinctorial propertiea, 
isly formed in the above reactions. 



CHAPTER SI. 
TBIHYLmC ALCOHOLS. 



Glycerin or C„H,,^,Ho, Beries. 

"hese alcohols contain three semimolcculcB of hydrosyl 
"^t^ with three different atoms of carbon ; consequently the 
lowest term of the series contains three atoms of carbon, 
ily two of these alcohols have been hitherto obtjiined :- 



THE ALCOHOLS. 



fCH,Ho 

Glycerin <^ CHHo . 

|.CH»Ho 



H H H 



1 



Amy! glycerin . 



f CH,Ho 

. { CEtHo ? 
L CH,Ho 



H H— C— H H 

I I I 

-c c ^c- 

I I I 



Tte constitution of amylglycerin 
ilished. Its formala may possibly b 

fCEtHHo 
■^ CHHo . 
(_CH,Ho 

The action of oxidizing agents on amylglji 
jably throw light npon its internal Htrticture. 



j not at present esta- 



rCH,Ho 
^ CHHo . 
LCHjHo 

Sp. gr. of liquid at 15'''4 is 1'26. Crystallizes ai lota tempera- 
tures, and remains solid afterwards at ordinary tem-pera- 
tures. Boils in vacuo at 179''*5. 
Sources. — Most animal and vegetable fata consist of mix- 
tnrea of the glycerin ethereal salts of the fatty, and of the 
oleic, series of acida. Glycerin ia liberated from these bT 



igh temperatares, or by bases giving salts inaolnblwB 



■wa,ter at 1 
in water r 

fCH,-0-C(C„H„)0 
^ CH-0-C(C.,H3s)0 - 
LCHr0-C(C„H„)O 



fCHjHo 

: J CHHo + 3 

[CH~Ho 



1 COHo- 



. of Glynerin io Isnpropylic Alcohol. 



By the action of hydriodie acitl, ) 
igopropylic iodide ; — 



fCH,Ho 
^CHHo 
LCH~Ho 



J CHI 



Relation of Glycerin to AlhjUo Alcohol. 

When a diphosphoroos tetriodide is broaght into contact I 

with glycerin, an energetic reaction ensues, allylic iodide beinifl 

formed :^ 

rCH~Ho ,JCH., 

'P"J4 + a-' CHHo = 2 }CH -i- CPOHHo, + 
|.CHjHo {CHJ 

Wphoiphorus Oljcorin. Allyllc Phosphonia 



Relations of Qhjcerin to Fropylic 



eol. 



The aeveral semimolecules of hydrosyl in glyceinn i 
capable of being replaced by chlorine, bromine, &c. ; thus, 1 
the action of hydrochloric acid on glycerin, one semimolecale I 
of hydroxyl ia displaced by chlorine, monochlorhydrin being J 
formed. : — ■ 



rCH,Ho 
2 CHHo 
LCH,Ho 



rcH,ci 

HCl = ^ CHHo 
LCH.Ho 
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Monochlorhydrin is identical with monochlorinated propylic 
glycol :— 

LCH,Ho ICH2H0 

Monochlorhydrin. Monochlorinated 

propylic glycol. 

By the action of sodium amalgam and water, monochlori- 
nated propylic glycol is readily converted into propylic 
glycol :— 

rC(CH,Cl)HHo . TT - ;C(CH3)HHo . „p, 
lCH,Ho + H2 - |cH,Ho + ^^^- 

Monochlorinated ^ Propylic Hydrochloric 

propylic glycol. glycol. add. 



Relations of Glycerin to the Trihydric Acids — Glyceric Add 

and Tartronic Add, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 

rCHaHo rCHzHo 

< CHHo + O2 = < CHHo + OH2. 
LCH2H0 LCOHo 

Glycerin. Glyceric Water. 

acid. 

A second semimolecule of oxatyl has not been prodnced in 
glycerin, so as to convert the latter into a dibasic acid ; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it has the following constitu- 
tion : — 

rCOHo 

< CHHo. 

LCOHo 

Tartronic acid. 

Relations of Glycerin to Acrylic Add, 
By the action of substances having an affinity for water, 
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srach as phoaphorio anliydride o 
converted into acrolein :— 


r HuIpLuric acid, 


glycerin is 


rCH.Ho 
{ CHH.5 = 
L CH,Ho 


20H 


, rCMfi'H 




Glyfcria. 


Water. 


AcroWn. 




By the abBorption of 
«^lic acid 7 — 


oxygen, 


acrolein is transformed into 


rCMe"H 

\COH 


+ 


f CMe"H 
- ICOHo ■ 





"oth these reaetiona are accompKahed aimultaneonBly when 
S'ycerin is added to fused potassic hydrate : — 



CHAPTER XII. 

TRISYDRIO ALCOHOLS. 

Pyrogallio or C„Hjb-sHo3 seriea. 

'^fce the phenyl and orcin series, these alcohols are the 
"***<! derivatives of benzene. The three hydroKyl gronps 
"P'&Cb hydrogen atoms of the nnclens, 

^l>e following bodies are believed to belong to this aeriea, 
"''Uat several other componnds not yet snfBciently known 
"^ probably soon be added to it :— 

UelUn^poInt. 

Pyrogallin T rllS". 

Phloroglncin VC.H.Hoa .... <^ 220 

Phenomalic acid?. . J L — 



110 THE ALCOHOLS. 

P7R0GALLIN, Pyrogallic Acid. 

CeH3Ho3. 

Melts at 115°. Sublimes with partial decomposition at 210**. 

Preparation, — 1. By heating gallic acid to 210° — 220° iu a 
stream of carbonic anhydride : — 

{c(S?°' = C,H,Ho, + CO,. 

Gallic add. PTrogallin. 

2. By heating gallic acid with twice or thrice its weight of 
water to 200® — 210° for half an hour in a Papin's digester. 
The reaction is the same as in No. 1. 

Reactions, — 1. Does not neutralize alkalies or form true 
salts. 

2. Passed over heated zinc, it is transformed into benzol : — 

CeHsHoa -f 3Zn = C«He + SZnO. 

P/rogallin. Benzol. 

3. Bromine converts pyrogallin into tribromopyrogallin : — 

CeHgHoa + 3Br2 = CBrsHos + 3HBr. 

Pyroffalliu. Tribromopyro- 

gallin. 

4. Heated to 250°, it yields water and metagallic acid : — 

CflHsHoa = C.H3OH0 -h OH2. 

Pyrogallin. Metagallic 

acid. 

5. Ammonia in the presence of air forms with it pyrogal- 
lein, to which the formula CisHaoNeOio has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it into acetic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acetic 
and carbonic acids and a small quantity of carbonic oxide. 

OTHER POLYHYDRIG ALCOHOLS. 

Erythrite (Erythroglticin^ Erythromannite, Phydte, Pseudor^ 
cm) is a tetrahydic alcohol ; and the acid corresponding to it 
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raa tartaric acid. Citric acid may also bo coDBidered ae derived i 
i^om an unknown alcohol of this aeries. A glance at the for- ] 
Ixmilte of these alcohols and acids will show their relations :- 

ISh,Ho [oSS |l°H,(CH.H„) lcH.(COHo) 



"When rednced by hydriodic acid, erythrite yields eeeondi 
butylic iodide : — 

rcH.Ho rcHs 

LCHjHo [CHj 

Krjlhrile. Efdriodic WaKr, SetoQilsry imylic 

Aposorbic acid may be regarded, as derived by oxidation i 



iTom tm unknown pentahydric alcohol :- 





'CHsHo 


rcoHo 




CHHo 


CHHo 




CHHo. ^ 


CHHo 




CHHo 


CHHo 




CH,Ho 


_COHo 


Boll 




ApCBOTllio 



Mannite is a hesahydric alcohol. There are three acids c< 
responding to this alcohol : these are saccharic and mw 
acids, which are isomeric, and laannitic acid : — 



CH.Ho 


rOOHo 


'CHiHo 


CHHo 


CHHo 

CHHo 

1 CHHo' 


CHHo 


CHHo 


j CHHo 


CHHo- 


^ CHHo- 


CHHo 


CHHo 


CHHo 


CH^Ho 


LcOHo 


OOHo 



Mannite is closely related to glucose, the latter containing'J 
two atoms of hydrogen less ttaii the fotnier. G\uwjwi caa!L.S*j 



fact, be converted into mannito by tLe action of nascent hy- 
drogen:— 

rCH^Ho 'CH.Ho 

I CHHo j CHHo 

J CHHo , rr _ J CHHo 

^ CHHo + Ji« - ^^ CHHo' 

CHHo I CHHo 

i.COH LCH.Ho 

Alcohols of high hydricity posseaa a sweet taste, in. fact 
with increase oE hydricity the alcohols gradnally pass into 
saccharine Bnbstancea or sngara. 



CHAPTER Xin. 



These componndB are the osidea of the positive radicals. 

Each series of alcohols proditceB a series of ethers ; we have 
thus ethers of the monohydric, dihydric, and trihydric alco- 
hols, of which the following are the general formulee : — 

Methyl Vinyl or PhPojl 



Ethera of the monohydric alco- 
hol. ■ 


io 

C.H,.*, 1.0.1 


Ethera of the dihydric alcohols 


C.H,.0. 


Ethers of the trihydric alcohols 


fC.H,. .0-H 



OLS, I 



ETHERS OF THE MONOHTDBIO ALCOHOLS. 
These bodies are derived from the alcohols by the snbati- 
tution of the hydroxylic hydrogen contained in the latter by 
n positive monad radical. 
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METHYL SEMIES. 




The following list c 


utaina some of the ethers of this 


Metbjlic ether 


roHj 
. . , ■< or 0M*5 


BoniBg- 

-31' 




[cih 


Metiijlicethjlicetber^O 


roos 

or ^ O or OMsEt 
t OMeH, 


+ 11 


Ethvlic Ether -^0 


fOMen, 
or -^ or OEl, 
LcMoHa 


35-6 


rcH, 

1 Metljylie amyUc etlia- i 


rcH, 

or -^ or OMeAj 
I OBuH, 


92 


rCsHi 
EthTlic butjbc ether < 

lo.H, 


rOMeHs 
or < or OEtliu 
IcPrHj 


80? 


Ethylic amtlic Ether < O 


rOMuH, 
or -^ or OUtAv 


113 


Butjlic ebber ■{ 


rOPrH;, 
or -^ O or OBuj 
1. OPrHj 


lO-l 


AmyUo ether J O 

Lc.H, 


fCBuHj 
or J O or OAy, 
LoBuH, 


176 


Fonnarton.— 1. By the action of snlphuric acid 


upon the 


0,Hb,+,Ho alcohols. The 


process may be divided iuto the two J 


following stages : — 




M 


C.H„^.Ho + SOjHo, 


= S0,Ho{0.H„4iO) 


+ OH,. ^M 


Alcohol. SDlptauric 


Salpbo-sdd. 


'■"■ ■ 


80^o(C„H^+,0) + C«H:=.+,Ho = ^ + 


SO,Ho,. 


SDlpho-ocld. 


Alcohd, Elhur. 


~ar 


2. By converting the C,H„+,Ho alcohols into sodium or 


potassium compounds, and then acting upon the latter with 


the iodides of the monad 


positive radicals : — 


im 






^^^^^^^H 
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2C„H 


,„..,Ho 


+ Na. 


Sodic ctbflate. 


C3«.+ 


Nao + 


C„H=„+ 


-\ 






Bodk etbf law. loaiSt!. Eiber. Sodic Iodide, 

Seaetion. — The ethers can be reconverted into the corre^ 
Bponding alcoliols by treating them wibh sulphnric acid, andH 
then distilling with water the snlpho-acid so produced : — 

2SOjHo(C„H„+,0) + OHi _ 

Gulptiii-£(d<. Water. 

= SO-Hos + C„H,„+,H». 





+ 


2SO,Ho 

Suluhuric add 


= 


SO.Ho(C 

Snlpho- 


cid. 


+,0) + 


OH 



METHYLIC ETHEK, MethijUc Oxide. 
r OMci. 



fCH 
ICH 



LCH^ 

MoJecvIar weiglit ^46. Molecular volume I I ! ■ 1 litre of 
metTiylic ether vapour weighs 23 critlii\ Boils at — 21°. 

Preparat/oi/.^By heating methylic alcohol with Bulphnric 
add or boric anhydride : — 



CHaHo 

Methylic 



SO,Hoi = BOiHo(CH,0) 



SOiHoCCHsO) 

SulphnmpLhflic 



[CH, 



CHjHo = <; O + SO^Ho,. 



Beactlon. — Methylic ether ia acted npou by chlorine nnder 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 



ETHYLIC ETHl 

rCH.Ci fCHCl, 

nidHorimtpa Tetrathlorimilc 

mfUiylic ^th 






ETHILIC ETHEE, Ethylia Oxide, Ether, Sulphv 

fCMeH, 

^ O or OEt,. 

LCMeH, 

^deeular vieighl =; 74. Molecular volume I I ! ■ 
ettw jjojjoitr vimglis 37 criths. ^ 



m - 1 Iifre o/ 1 
:: 0723. BMfa oi I 



freparaiion. — A mixture of equal volnmes o£ anlphnric 
Mid and alcohol is heated to a temperature of from 140 — 145°, 
Bnd a coustant Btream of alcohol is allowed to flow into the 
niiitnre. Ether anil water distil over together. Two re- 
Mtiona take plane sncccasively : in the first, the alcohol is 
COEverted into sulphovinic acid ; and in the second, the sal- 
phoYiaic acid is converted by a further quantity of alcohol 
into Bnlphuric acid and ether : — 

EtHo + SOiHo, = SO.EtoHo + OH.. 



Sul;>liovlii 



SOiEtoHo 

SulpluiTlnli: aai. 

In this 



EtHo = 



OEti 



+ SO.Ho,. 

Elher. SQlphdrie acii 

quantity of Bnlphuric acid can 
ited qnantity of alcohol into ether. 
The formation of ether ia not dne to the simple removal of 
water from two molecules of alcohol by sulphuric acid. 
This is proved, first, by the enlphnric acid not becoming 
more dilute, and, secondly, by the fact that, if sulphamyli 
acid be acted npon by ethylic alcohol, the mixed ethyli 
amy lie ether is formed ; — 

SOjAyoHo + EtHo = SO.,Hoa + OAyEt. 

SolpliainjUg acid. Ethjlle Snlphurlc Ethjlic ami-lio 



J 
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Reactwns.— l. Ethjlic ether, wlien tuiieii with an eqiL 
volame of sulphnric acid, produces Bulphovinic ticid : — 
OEfc, + 2S0,Hoa = 2S03EtoHo -f OH,. 

Elhrlic elUer. Bulpburk aqia. SdlpboiiDlc ai^d. W&Kr. 

2. Hot nitvic acid converts ethylic ether into carbon: 
aoetic, and oxalic acids. 

. Exposed to the air it gradaallj absorbs oxygen, and 
sEormed into acetic acid : — 
rCH, 

ETHYLIC SULPHIDE, Sulphur Ether. 
fCMeH, 

^ S or SEt,. 

LCMeH. 

Kolecala/r weight = 90. Molecular vobime \ I I - 1 litre t 
ethylic eulphide vapour weighs 45 erithe. Boils at 91°. 
FreparaUon. — Bj adding ethylic chloride to potaaaic anl- 
^hide, and diatiUing : — ^^H 

rCMeH., ^B 

2CMeH,Cl + 3K, = -Is + 2KCI. ^H 

{ CMeHj ^™ 

Ethylic chloride. rotanslc ElhiUc nilphlde. FoUaic 

Hulpblde. chloride. 

Ueactiotis.—l. Ethylic aalphide combines directly with 
etliylic iodide, forming 

Snlphurotts trietbylo-iodido SEtjT. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 



SEtal + AgHo = SEtiHo + Agl. 

Hntphuroiu Arirtnlic Suliihunius Arcentlo 

Irletbylo- hydnkMi, triethylu- ludidfi. 



i 
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2. By cold nitric acid it is converted into snlphurous dieth- 
oxide (S0Et2), which by more powerful oxidizing agents is 
fcransfofmed into diethylsulphone (snlphuric diethoxide), 
SOjEtz, which melts at 70°, and boils at 248°. 

STEERS OF THE VINYL AND PHENYL SERIES. 

fCsH5 

Of the ethers of the vinyl series, ally lie ether < , 
alone is known. It boils at 82°. Two mixed ethers, vinyl- 
ethyl ether, < , and allyl-ethyl ether, < , have been 

(^ C2H5 L ^8^5 

prepared. 

fCeHs 
In the phenyl series, phenylic ether, < , and benzylic 

r C7H7 
®ther, < , have been obtained. 

By digesting benzylic chloride with potassic phenylate, a 
^ixed ether, phenyl-benzyl ether, is formed : — 

{olci -^ ^'^^^^ = ^^^ + \o^'' 

LCeH5 

Benzylic Potassic Potassic Phenyl-benzyl 

chloride. phenylate. chloride. ether. 

ETHERS OF THE DIHYDRIC ALCOHOLS. 

Of these the four following are known, bnt the first only 
^ been caref nlly stndied : — 

Boiling-points. 

Ethylenio oxide, C2H4O 13-5° 

Propylenic oxide, CaHeO 35*0 

Amylenic oxide, CsHioO 95*0 

Phenylenic oxide | q^^O (fuses at 80°-5). . 287-5 



ETHYLENIC OXIDE, Ethyhnic Elker. 



c^H'O = {ch: 



0. 



]^oleeulav weight = 44. Molecular volume Q3- 1 ^''B < 
ethylerdc oxide vapour weighs 22 eriths. Both at 13°'^ 
Preparation. — Ethylenic oxide is obtained from glycol by 
COnTerting the latter, first into ethylenic clilorliydrate, c 
ctlorhydric glycol, by the aclion of hydrochloric acid, and 
subsequently treating the compound thas formed with po^ i 
tassic hydrate : — 

f CH,Ho 



HCl 



0H=: 



f CHsHo 

\CH,C1 

Ethylenio 



EiLyleni 
cblorhrdn 

lea 



'0 



Isomers. — Ethylenic oxide is isomeric » 
ITie nature of this i 



ith acetic aldehyde, 
the following for- 



H— C- 



I BeaetionK.~\. Ethyli 

■ gen, forming alcohol :— 



/CHa 

\COH- 



! imiteB with nascent hydrc 



fCH, 
\ CH,Ho- 



1. It alao unites with oxygen, forming giycoUic acid: — 
1 CH," + "■ - \ COHo ■ 
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a basic substance, and nnitea directly with acids:- 



fCH.Q 
1 CH.y 



4. Ethylenic oxide precipitates as 
from Bolntions of their BaJts, Buch 
cnpric, aod magnesic hydrates ;- 



hydrates many metals 
a tlio ferric, aluminic, 



rcH, 



■0 + MgCU + 20Hj = 2 



6. It also combines directly with water, i-eprodni 



roH„ 

Etbylenic 



Elbflenfc MugnEllB ^^^H 

water, t-eprodncing glj*-^^^! 

rCH..Ho ^H 

{ CHjHo- ^M 



These reactions exhibit a wide differencts between the be- 
hariour of ethylenic ether and that of ethylic ether. Thia 
difference arises from the fact, that in ethylic ether the ethyl 
semimolecules are held together by the oxygen only, whereas 
in ethylenic ether the linking of the two gronps of CHj does 
not depend on the oxygen atom aloce, as will be seen from 
the following formula) ; — 

H H H H 

-L-'- - - ■'■ - ''-'^' 



Ethylic ether H— 



H H 

I I 

H— C— C- 

LoJ 



I I 

H H 



ro.H, 

Jo 

lc,H. 



On account of this peculiarity of constitution, ethylenio 
oxide can combine directly with many su,bata,ncea 'wiiteutftwi 
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disruption of its molecule, — a property which obvioaslj- 
eannot he posseted by ethylic ether. 



ETHEBS OF TEE TEIffTDBIO ALCOHOLS. 
Of these only one 



GLYCIIiIC ETHER, GhjcijKc Oxide. 
BoUs at 172°. 
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CHAPTER XIV. 

THE HALOID ETHERS. 

Each series of positive radicals forms its own series of 
haloid ethers. 

These ethers are produced hy the suhstitution of hydroxyl 
in the alcohols bj chlorine, bromine, iodine, fluorine, or 
cyanogen. 

Haloid Ethers of the Monad Positive Radicals. 

As these radicals can unite with only one semimolecule of 
hydroxyl, they can form only one haloid ether. Each series 
of radicals therefore forms one series of haloid ethers : — 

I. Haloid ethers of the form CnH2n+iCl. 

11. ,, ,, ,, ,, CniJ-zn— l^^l* 

III. „ „ ,, ,, L'nH2n— tOI. 

The following will serve as examples of the three series : — 

H H H 
Propylic iodide. . C3H7I I | | 

or H— C— C— C— I 

C(C2H5)HJ. I I I 

H H H 

H 



Allylic iodide . . C3H5I 

or l—C— C=C— H 

C(C2H3)H2l. 



H H H 
H— C=C— H 



Phenylic iodide. . CeHJ H— C C— I 

II II 
H— C— C~H 

Haloid Ethers of the Dyad Positive Radicals, 

As the dihydric alcohols contain two semimolecules of hy- 
droxyl, it follows that there are two classes o^ Yislav^ ^^Jsi^t^ 
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derivable from them. The first is formed by the aubstitntion 
of one of the eemimoleeales of bjdroxjl by chlorine, bromine, 
Ac., and the second by the like displacement of both aemi- 
■a of hydrosyl : — 



I. Haloid ethers of t 



e form C„H:i„HoC!. 



The following examples will suffice to illustrate the consti- 
nition of both these classes of haloid ethers : — 

Chlorhydrie glycol or ethy- H H 

lenic chlorhydrate CjHjHoCl 



r CH.Ho 
{ CH.C1 ■ 



_C— C3— H 
CI 



Ethylenic dichloride. . 



rCH.,Cl 
ICHiCl- 



H— C— C— 

I I 
CI CI 



Saloid Ethers of the Triad Positive Eadicah. 

Three clasaea of haloid ethers are derived from the trihydric 
alcohols by the successive substitution of the three aemi- 
moleculea of hydrosyl contained in these alcohols by chlorine, 
bromine, &c. A fourth clasa also exists, which Btanda inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the aemimolecules of 
hydrosyl in the alcohol by a monad negative radical, snch as 
chlorine, bromine, or cyanogen, and the remaining two semi- 
molecules of hydrosyl by a dyad oxygon ; — 

I. Haloid ethera of the form ChHj»_,Ho,C1. 
II „ C.H„_.HoCl„ 

in. „ „ ., c,H„_,ci5. 

JT. „ „ „ C.H„_,0C1. 
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The following are examples of each of these classes : — 

H H H 

rCH,Ho H— C— G— C— H 
o-Chlorhydrm^ CHHo | I | 

LCH,C1 O CI 

I I 
H H 

H H H 



^-Chlorhydrin^ CHCl 



fCH,Ho H— C— C— C— H 



I 



LCH3H0 O CI o 

I I 

H H 

H H H 

r CH2CI H— C— C— C— H 

a.Diclilorhydriii< CHHo. | | | 

LCH2CI CI O CI 



H 
H H H 



r CH2H0 H— C— C— C— H 
/5-t)ichlorliydrin< CHCl | | | 

LCH2CI O CI CI 



H 

H H H 
fCH^Cl I I I 

Trichlorhydriii< CHCl . H— C— C— C— H 

LCH2CI 



CI CI CI 
H H H 



Hydrochloric fCHaCl | | I 

glycide or epi- < CH ^. H— C— C— C— H 
chlorhydrin . . {CTL^^ \ I I 

CI LqJ 
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HALOID ETHERS OF THE MONAD POSITIVE 

RADICALS. 

Preparation. — These ethers are produced by the following 
general reactions : — 

1. By the action of the hydracids upon the alcohols : — 

CnH2»+iHo -h HCl = Cf,H2n+iCl -|- OH2. 

Alcohol. Hydrochloric Haloid ether. Water. 

acid. 

This reaction does not apply to the phenols. 

2. By the action of phosphorous chloride on the alco- 
hols : — 

3C„H2n+iHo + PCI3 = 3aH2«+iCl + POHH02. 

Alcohol. PhoAphorons Haloid ether. Phosphorous 

chloride. acid. 

3. By the action of chlorine on the hydrides of the radi- 
cals : — 

CMH2n+iH -h CI2 = Cf»H2«+iCl -|- HCl. 

Hydride. Haloid ether. Hydrochloric 

acid. 

It is obvious that in these reactions bromine and iodine 
may be used instead of chlorine. 

These reactions, except No. 1, apply equally to the CiiH2n-i 
and C»H2n_7 series. 

For the preparation of the nitriles, which are isomeric 
with the cyanides of the radicals, two special reactions (Nos. 
1 and 2) are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide : — 

S02Ko(CnH2„+iO) + KCy = SO2K02 -h C„H2«+iCy. 

Potassic sulphate of the Potassic Potassic Abnormal cyanide 

radical. cyanide. sulphate. ornitrile. 

2. The fatty acids are converted into ammonium salt* and 
distilled with phosphoric anhydride, when the abnormal 
cyanides, or nitriles, of the positive radicals which they 
contain, are produced : — 
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\ CN'" 






MciBphospborlQ 



e action of chloroforni on an amine in the preui 

^alcoliolic solution of potaasio hjdrate, a normal cyanide 

Juced. These cyanides are isomeric with those obtained 

itwo previons processes, and appear to contain nitrogea 

■the pentad condition ; — 

|C.H.., ^ OHCI, = 3HCI + {°f»«. 

Amine. Ctlorofonn. Hjdiwiilork Cjimlde, 

Beaetions. — 1. Treated with alcoliolic solution of potash, 

most of the haloid ethers of the C„H..„+i series, except the I 
cyanides, are reconverted into alcohola ; — 

S„-.,C1 + KHo = C,H,.+,Ho + KCl. 



2. The nitrilea, or abnormal cyanides, under similar cir- 
cumstancea are converted into potassic salts of the acids which I 
L-ontaln the positive radical of the cyanide ; — 

f CbHih+i , o-TT„ I nit I C.,H5„-H 

|CN'" + ™° + °^' = IcOKo 



NH.. 



3. The nitriles or abnormal cyanides when unbinitted to/1 
the action of acids yield an ammonio salt and a fatty acid:- 



{§#'"" + SC^ 



1 COHo ■ 



4. The normal cyanides when acted on by acids behave 1 
like hydrocyanic acid (see p. 3U), producing formic acid and I 
tbe tydrochiorate of an amine : — 

{§="' + HCl + 20H,= |go^^. 



+ N(C.H,„,)H.C1. 
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This nsction «ppaus to take place in three sfagee ; 
the CMe or pheorlic ejanide tiie intennediate <x>mpo«uv^ 
h&Te beeo obtained : — 

,«{S* + 20H. = {lo^^ + »,(CH)"(CJI.)JI. 



OH, 



OH, 



I H(COH)H 



, fOA 
+ \HH,- 



K,(CH)'"(C.H,),H 

Ftnnfl-^titBjl-iiMaiai. 

\N(COH)H 

5. When tlie iodides are digested 
tfa.e radicals are either liberated or unite with the metal :- 






\ COHo- 



2Zn 



Zn(C.H~.*,)' + ZnJ,. 



2C^,,*,I + Zn 






en the iodides are submitted to the action of sodic 
thylate, a mixed ether (or a simple ether if « = 2) is 



CHsNao + C,H«,+J 






7. The lialoid ethers of the monad poeitive radicals are the 
K MpreaentativeB ot the hydracida of mineral chemistry, and 
l-nnite directly with ammonia, producing salts which, when 
I treated with potassio hydrate, yield compound ammonias con- 
■ iaining the posltiTe radical of tlic haloid ether ia the place 
I'^t one atom of hydrogen : — 

NH, + EtI = NHjEtT. 

AmmuDlB. Kttijllo Ettirlimi 
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Ki + on,. 



METHTLIC CHLORIDE. 

CH,Ci or MeCI. 

Molecular weight ^50'5, Moleoiilar volume I I \ - 1 litre of 

melhylie ehkiride vapour teeighi 25'25 orilks. Boils at 

-21°. 

Preparation. — By heating together aodic chloride, methylio 
alcohol, and BulphBric acid ; — 

SO,Hoi + MeHo = SOjMeoHo + OH.. 

Enlphnric WetbjVi: Snlphomsttaflio Wsur. 

SOjMeoHo + NaCl = MbCI + SOjHoNao. 

Siitpboin(>tbrlia Snitlc Hetti;llc Bydiicoodlc 

Reaction. — By the action of chlorine, methylic chloride pro- 
daces three sabatitiition derivatives : — 

Braling- 
poinL 

Monochlorinated methylic chloride, CH^CIj. 31° 

Dichlorinated „ „ CHCI,. 60-8 

Trichiorinated ,. „ CCI.. 78 

Chloroform, acted on by powdered zinc and a sulation of 

ammonia, produces mcthylenic dichlorido, boiling between 

40° and 42°. 



CHLOROFORM, Dichlorinated Methylic Chloride. 
CHCIa. 
lioleaviar weight = 119-5, Molecular volitme I I | . 1 litre of 
chloroform vapour weighs 59'75 crithg. Sp. gr, at 0° 1-525. 

BoUi at ei^-a. 

preparation. — This compound is manufactared ia large 
qnantttiea by heating alcohol with a aolution of calcic chlouo- 
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hypochlorite (chloride of lime). It maj' aleo he made by treat- 
ing methylio alcohol in the same maauer. For the reactioii 
nee p. 83. 

Reaelions. — 1. Chloroform is transformed into potassio for- 
mate by boiling with alcoholic potash ; — 
CHC!, + 4KHo = CHOKo + 3KC1 + 20H,. 



2. When acted upon by chlorine in the presence 
light, the hydrogen of chloroform is displaced by chlorine, 
and carbonic tetrachloride (CCIi) formed. 



ETHYLIC CHLORIDE. 

C-H^Cl or EtCl. 



J 



Molecular weight = C4-5. Molecular volume | | | - 

eikylic chloride vapour weiijhs 32-25 critln. Sp- gr. O^Sl?. 
BoiU at ll°-5. 
Preparation. — Ethylic alcohol is saturated with hydro- 
chloric acid, and digested in sealed tubes at 100° for one 
or two hours, when the mixture separates into two layers, 
the npper one being the ethylic chloride ;— 

EtHo + HCl = EtCl + OH, 

Alcohol, aydrechlorio BlSjIio WaMr. 



ETHYLIC IODIDE. 
CHsI or EtI. 



4 



Moleoular weight = 156. Molecular volume n~i - 1 Hire of 

ethylic iodide vapour vieight ?8 critks. Sp. gr. 1'9464. 

BoiU at 72°-2. 

Preparation. — By placing in a retort two parts by weight 

of alcohol and one of amorphous phosphorus, and then intro- 

dacing five parts of iodine and distilling in a water-bath : — 



ETHVXIC IODIDE. 



Reaction. — 1. Ethylic iodide, when heated with water ii 
I sealed tube, prodaces ether and hydriodic acid : — 



fCiHs 



+ SHI. 

HydriodLc 



2. By heating ethylic iodide with argentic nitrite, nibvo- 
ethane ia formed : — 



CHJ + NOAgo 



N(C,H,)0, 



Agl. 



I 3. Heated with potasaic sulphite, ethylic iodide yields 

KiBio ethylsttlphonate ; — 
0,H.I + SOKo. = {M^„ + KI. J 

ECbylio 



snlpblte. ithy^EulpbonsIE, iudide. ^ 

The methylic and amylic iodides are similar liquids, and 
obtained by analogous processes ; methylic iodide, CHjI, 
baa the sp. gr. 2''237, and boils at 44° C. Amylic iodide, 
CiHuI, has the ap. gr. ISll, and boils at 146°. 

AnalogouB compounds of the allyl series have been pre- 
pared. AJlylie iodide, AlU, is a liquid boiling at 101°. The 
haloid ethers of the phenyl series have already been described 
(p. 65). 



HALOID ETHEBS OF THE BYAli POSITIVE 
BADICAL8. 

I. Saloid ethers of the form C„HmHoC1. 

-These ethers are prepared by the action of 
the hydracida on the glycols. The following will ser 
examples of this class : — - 



^^^^^^H 


WW 


1 
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1 Ethylenic chlorhydrate o 


rchlorhydric glycol {gjg,''. 


1 Ethylenic iodliydrftto or 


odhydric glycol 


■ ■ icH,I ■ 


Treated with potaseic hydrate, both ties 


bodies gire ethj- 


lenic oxide, aa previonsly d 


scribed (p. 118 




II. Haloid ethe 


■6 of thef^R C,H„C1,. 


FreparaHon. — These ethers are generally formed by the 


direct union of the dyad radicals with the negative elements. 


The following list comprises the chief membera of this 


class:— 




BolUng ,»IU. ^H 


Meihylenic chloride . . 


. . . CH,C1, 


... 40- M 


iodide.... 


. . . CH Jj . . 


... 181 ^H 


Ethylenic chloride . . 


. . . C=H.C1, 


... 85 ■ 


„ bromide . . 


... C,H.Br, 


... 131 ^H 


iodide .... 


... C3J,.. 


^^H 


Propylenic chloride . . 


. . . C,H,C1= 


... 97 H 


„ bromide . . 


. . . CsH.Bri 


. . . 141-6 ^H 


iodide .... 


. . . C,H.I,. . 


^^H 


Bntylenic chloride . . . 


. . . C.HsCl, 


... 12? ^H 


„ bromide . . 


. . . CHsBrj 


... 160 


Amjlenic chloride . , 


. . . C,H,„CI, 


... — 


„ bromide . . 


. . . OiHioBr, 


... 175 


By the action of potassi 


nm, sodium, or 


einc, the radicaU 


are again liberated, eicept 


in the case of tli 


e methylene com- 


pounds. The bi'omides ar 


B the most imp 


3!-tant members of 


the series. Among the h 


gher members 


numcTous isomers 


are possible, many of which have been pre] 


J 



ETHYLENIC CVAKIDE, 



ETHYLEHIC BROMIDE. 



r CH^Br 

\ CH,Br ° 



1 lOre of 
gr. 21 6. 



Moleoviar laeiyht := 188. Molecular volume I ( ! ■ 
ethylenic bromide vapour weighs 94 criths. Sp 
Fwea at -9°. BoiU at 131°. 
Treparaiion. — By agitating bromine and water witli ethy- 
lene. 

Seaetioni. — 1. Boiled with alcoholic potash it yields brom- 
etbylene or vinylic bromide :— 
CiH4Bra + KHo ~ CaHjBr + KBr + OH,. 

2. Heated with an alcoholic solntion of potassic acetate, it , 
yields monacetic glycol. 

r CHjBr 
1 CH,Bp 



2CMeOKo 



OH. 



r CH,.O.CMeO 

{ CHjHo 



CMeOHo 



2K:Br. 



ETHYLENIC CYANIDE, Sucdnonitrile. 
C3.Cyi. 



/ CHsCy 
I CH,Cy 



Ftues at 37°. 

jpreparation. — -By heating ethylenic bromide with potaflsie 
cyanide to 100° for sixteen honrs. 

r CH,Br 
\CH,Br 

Elkrleni 



_ r CH,(CN"') 
- I CH,(CN"') 



Reaction.— Wbi 



boUed with alcoholic potasb, axiccmd- 



nitrite ( 
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abnormal ethyleuic cyanide yields potassic 



fCH,(CN"') 2j.g „og _ |CH,(COKo) 2„. 



HALOID ETBERS OF TEE TRIAD POSITIVE 
RADICALS. 



L Of the formCHa-.HojCl, 



a-Chlorhydrin . . ^ CHHo 22; 

1_CH,C1 

g-Chlorliydrin.. ^ CHOI 230— 

fCH,Ho 

a-Bromhydrin . . ^ CHHo 181 

LCHjBr 

II. Of the form C,H«_,HoCU. 

rCHiCl 
a-Dichlorhydria { CHHo 1? 

LCHsCl 

rCH,Ho 
^-Dichlorhydrln <^ CHCl le 

LCH,C1 

III. Of the form CnH^_,Cl,. 

rCH,Cl 

Trichlorhydrin. . <^ CHCl U 

I^CHjCl 

IV. Of the form C„H,„_,0C1. 
Hydrochloric fCHif., 

glycide or epi- .^ CH ^ 11 

chlorbydrin .. tCH.Cl 



THE ALDEHYDES. 



133| 



Prep/fratlmi.—Tbe ethers of the first three forms arc 
'ained by the action of the hydracids npon glycerin ; whilBt I 
those of the fourth are produced by the action nf alkalies T 
Q the second form of compounds. /J-Chlorhydrin is ob- 1 
1 by the direct nnion of hypochlorous acid with alljlio 1 
lol, ^-dichlorhydrin by the direct union of chlorine with 1 
o alcohol. 



CHAPTER XV. 



THB 1I.DEHTDE8. 



These compounds are intermediate between the alcohols and 1 
the acids. They are formed from alcohols by the abstraction I 
of hydrogen ; hence the name, which is an abbreviation of 
alcohol dehydroijenatum.. 

Three series of aldehydes are known, corresponding to the 
three series of mbnacid alcohols, viz. : — 



Aldehydes derived from CnHinH 

„ C„H,„. 

Preparaiion. — -1. The aldehydes are formed by the osida- 
tion of the alcohols ; ethylic alcohol, for inetance, yields acetic 
aldehyde ; — 

rCHn 

\ CH,Ho 



i-iHo alcohols. 
_,Ho „ 
_,Ho „ 



- {o?H + 0^=- 



aldehyde*. 

2. Aldehydes are also formed by distilling a mixture of 



ii 
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moleculfLi* quantities of the potat 
potasBic formate; — 



rCH, 
\COKo 



fH 
ICOKo 



a salt of a fatty acid and **' 



/CH3 
ICOH 



Mdetafde. 



, important reaction, as fay its means the series oE 
fatty acids can fae ascended ; for the aldehyde may next be 
transfonned into an alcohol by nascent hydrogen, then the 
alcohol converted into an abnormal cyanide or nitrite, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. Thns ; — 



fCHj 
\COH 



Eltaillc Sulphuric 

Uuihol. add. 

SOiKoEto + CN"'K 



/CH3 
I CHjHo ' 



SOsHoEto 



rCMeH, 

\CN"' '• 



r CMeH, 
tCOKo 






Starting again with potassic propionate instead of potassic 
I. acetate, the same series of reactions can be performed, resnlt- 
ag in potassic bntyrate, and bo on. 

ReacHona. — 1, By direct absorption of oxygen, the alde- 
hydes are transformed into the corresponding acids : — ■ 



\COH 







tcOHo ■ 



2. Also heated with ammoniacal solution of ar^ntio oiide, 



/ CPrH, _ J C(C,H7)H, __ ^3 
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Fotlnf- BoOing- 
point. point. 

Acetic aldehyde . . . . -j qqu; • • — 21° 

Propionic aldehyde {cOH^'o' {cOH*^^* ~ ^'^ 

Butyric aldehyde . . j ^^^^ or { coi^'^ ^^ "~ ^^ 

Valeric aldehyde . . . { ^^^« or | ^^^^ 

(Enanthic aldehyde. { cO^' ^' { CoS^*^^' ^^^'^ "■■^^' ^^ 
Capric aldehyde.... I ^(J|[^i7)Hj _ 2 228? 

Euodic aldehyde... I ^(^^w)^« + 7 218 

Laurie aldehyde.... j^^^HaOH, 4^.5 __ 

MyriBtical^hyde.. |^(j^«^»)^« 62-5 — 

Palmitic aldehyde., j ^^^^^29^ ^3 68-5 _ 

Stearic aldehyde.... I ^^^«^»)^« 63-5 — 

ACETIC ALDEHYDE, Aldehyde. 

fCHa 
ICOH- 

Molecular weight = 44. Molecular volume FTl ' 1 litre of 
aldehyde vapour weighs 22 criths, 8p. gr, = 0*807. Boils 
at 21°. 

Preparation. — 1. By oxidising alcohol with, chromic acid, 
chlorine water, or manganic oxide and sulphuric acid. 

{chIho + ^ = {cOH "^ ^^»- 

Ethjiic Acetic Water, 

alcohol. aldehyde. 

2. Bj oxidation, casein, fibrin, and albumen also yield 
aldehyde. 

3. Aldehyde is formed when the vapour of alcohol or ether 
is passed through a tube heated to dull redness. 
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Reactiom. — 1. It gradnally abaorbB OTtygen from the air, 
I locTQing acetic acid, into whiuh. it is eiIho readily converted by 
]_ oxidizixig agents :— 

|COH + (J - \COHo- 



^- It reduces silver sal 
on the sidea of the veBsel. 

"- By the action of phosphc 
denic (Jichlorida is produced :■ 



rCH, 
tCOH 



PClj 

Fbdnplmrli 



depositing Inatroua metallic ailver 
chloride on aldehyde, ethjli- 



/CH3 

XCHCI, 



■ ^hen submitted to tbe aotion of potflssiutn, one atom of 
"y*togen is subatitnted by an atom of tbe metal, the com- 
pound 

/CHa 

**^»»g formed. 

'-' . Hydrocyanic acid transforms aldehyde into alanin ;— 



•Uebjdc. add. 

5y the action of nitrous e 
Converted into lactic acid : — 



r CMoH(N"'Hs). 
|COHo 



ihydride, alanin or lactamic a 



, rCMeHHo 
' ICOHo 



Jifications of aldehyde : — 

Metaldehyde, crystalline, subliming at 120°. 
Paraldehyde, liquid, boiling at 125°. 

upon alcohol, tTich\ova.\iet3ife\& ' 
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formed containing 3 atoms of clilorine in the place o£ 3 atoms 
of methylic hydrogen. It is named chloral : — 

rcci, 

i.COH- 

This componnd immediately nnitea with, one molecule of 
water, forming chloral hydrate, which has the following con- 
atitntional formula: — 

rcci, 

\ CHHo,- 
In the Bamo operation chloral alcokolale is generally pro- 
duced. Its constituliou ia esprossod by the following for- 

f ecu 

\ CHEtoHo" 



B. ALDEIIYDES DEMVED FROM TEE C„Hin+.Ho 
ALCOHOLS. 

BdHIdk- 
polnt. 

Acrolein (acrylic / CMe"H wa jo 

aldehyde) \ COH "'^ * 

I OH, 
Crotonic aldehyde " { ^^ 104—105 

IcOH 



ACROLEIN, Acrylic Aldehyde. 

/ CMo"H 
\COH ■ 

Miileadnr weight = 56. Molecular volume \ \ I - 1 litre i 

acrolein vapour weighs 28 criths. Boils at b2°-4i. 

Preparalion. — 1. By the action of phosphoric anhydride i 

of aulphurio acid on glycerin : — 

J cum. = 20U, + |g^^^. 



ACROLEIN. 1 39 

2. By the oxidation of alljlic alcohol : — 

{S ^ O ^ {^Z^ * OH.. 

ADylic Acrolein. Water. 

aloohoL 

3. By the action of heat on the product of the union of 
acetone with bromine : — 

rCOMe ^ -p _ rCMeBr, 
\ CF, + iir^ _ j CHaHo " 

Acetone. 

rCMeBr, _ rCMe"H , ^^^^ 
lCH,Ho - ICOH + 2^^'^- 

Acrolein. Hydrobromic 

acid. 

JReadion, — By oxidation, acrolein yields acrylic acid : — 

rCMe"H _^ n - fCMe"H 
\COH + ^ - \COHo • 

Acrolein. Acrylic acid. 

C. ALDEHYDES DERIVED FROM THE Gn^zn-i'B.o 

ALCOHOLS. 

Boiling- 
point. 

Benzoic aldehyde < qqu- 180'' 

Metatoluic aldehyde . . | q(^^® (1:3).. 199 
Paratoluic aldehyde . . < QQa- ^ (1:4).. 204 

Phenylacetic aldehyde jcQ^' 205—207 

Cuminic aldehyde . . . . | %^^^ (1:4).. 237 
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BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 
Benzoyl. 

\COH- 

Molecular weight = 106. Mohcular mlume Q^]- 1 litre of 
benzoic aldehyde vapour weighs 53 criths. dp. gr. ai 15° ^= 
1-0504.. Boils at\m''. 

Preparation,- — 1. By the oxidation of amygdalin by nitric 
acid, and by tlie action of a mixture of manganic oxide and 
aftlpburic at;id on albnmen, fibrin, casein, and gelatin. 

2. By digesting bitter aJmonda with water for fire or six 
honre at 30° — 10°. The eynaptaae present acte as a ferment 
on the amygdalin, converting; it into glucose, benzoic aldehyde, 
and hydrocyanic acid : — 

C,„H=:NO,: + 20H, = I §j5^ + NCH + 2C,Hu,0^ 

Amrgdalln. V/ales, Benzoic Hydrocyanic alucou. 

3. By digesting together plumbic nitrate, water, and ben- 
zylio chloride, benzoic aldehyde is formed: — 

2 { gg'pj+H,0,Pbo"= N,0.+OH, + PbCI, + 2 { °* . 

Beniyllc Fhunbic NltroDi Water. PtnmMc Benzoic 

chlorkde. Dltrute, iLDh^dride. chlorido. alitebyda. 

The benzylic chloride is prepared by passing chlorine into 
the Taponr of boiling toluol. 

Seaciums. — 1. When exposed to the air, benzoic aldehyde 
abaorbfl oxygen and is converted into benzoic acid : — 







rc„H, 

1 COHq- 



2. Heated with solid potassic hydrate, it gives hydrogen 
and potassic benzoate : — 



MONOBASIC ACIDS. 



fO,H. 
iOOH 



BJdDhrdc. 



ICOHo 



"■ Heated with alcoholic potash, the same reactioa takef 
piace, but the hydrogen, instead of being eyolved, reduces b 
second molecnle of benzoic aldehyde to benzylic aJcohol : — 



" ICOH 



KHo 









CHAPTER XVI. 



^ ** S: acids form the most numerous family of organic com- 
paUnds. 

-Niany of them are contained in plants in the free etate, or 
'" Combination as metallic or ethereal salts. 

Others are produced by the action of chemical agents on 
^^Jrions organic substances 

Some are formed in the animal organism, as, for instance, 
'^^Tnic, paralactio, oluic, and stearic acids, 

l^e organic acids are divided into three great classes, 
^^icording to their basicity : — 
Z. Monobasic acids. 
9. Dibasic acids. 
3. Tribasic acids. 

The basicity of organic acids is determined by the following 
Wrnpla law : — an organio acid containing n lemimoleeules a 
Miiriyi IS TL-baaif. 

MONOBASIC ACIDS. 

The monobasic acids, which always contain a single sem 

molecule of oiatyl (COHo), include the six following serves ■.- 





2. Acrylic or oleic » 



4. Pyruvic series . 

5. Glyoiylic aeries 



, Benzoic or aromatic eeriea 



tCOHo ■ 

/C(aH„)"(C„H™,,) 

\ COHo 

rC(C,H,.^,)(C«H.«+,)Ho 

1 COHo 

/ CO(C,Hm+,) 

I COHo 

/ C(0„H^+i)Ho, 

\ COHo 

/ CnH«^, 

ICOHo ■ 



The 1st, 2iid, 3rd, 5tli, and 6tli of these eeriea may be 
regarded as the derivatives from corresponding series of 
alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ Acrylic „ „ Allyl „ 

3. „ Lactic „ „ Glycol „ „ 

5. „ Giyosylic,, „ Glycerin „ 

6. „ Benzoic „ „ Phenyl „ „ 

The acids of the first, second, fonrth, and sixth aeries are 
termed monohydric as well as monobasic ; whilst the acids of 
the third series are termed dihijdric anil monobasic, indicating 
their orj^n from the dihydric alcohols, and that they contain 
two semimolecules of hydroxy], one of which is in the ozatyl 
or negative part, and the other in the positive part, of the 
molecule. The hydrogen of the latter hydroiyl may be dis- 
placed by highly positive metals, in the same manner as the 
hydrogen of the hydroxyl in alcohols ; bnt it cannot be dis- 
placed by double decomposition with baaea, in the same 
manner as the hydrogen in the osatyl may be substitnted. 

The acids of the fifth series are termed iri'Ai/i?w and mono- 
basic, indicating that they are derived from the trihydric alco- 
hols, and that they contain, besides the hydroiyl in the 
oiatyl, two other semimoleculea of hydroxyl in the positive 
part of the molecule. 



KOlilLVL FAllT ACIDS. 



1. ACETIC OB FATTY SERIES OF ACIDS. 



General formola. . < nriji"'*' 



These acids may be 

divieiona, viz. : — 

A. Normal acids. 

Geaeral formula, , 



iged under thresfl 



\ COHo 



General formula. . I nj-iu "*+''" . 



C. Tertiary acids, 

GeneraJ formula, . 



ICOHo 



A, NORMAL ACIDS OF TEE ACETIC OE FATTY \ 
SERIES. 

General fomiula. . I fjQTx ^"*'^ ^. 

In formic acid, which is generally considered to be the first ' 
term of this division, the radical C(C„n„+OHi is replaced by 
H; and in acetic acid the value of w =^ 0. In reference to the 
following list of normal fatty acids, it must be borne in mind 
tbat the normal character has not been estabhshed in the case 
of those members which possess a hig-her molecular weight 
tbaii cenanthyKc acid : — 



Formic acid . ■ 



fH 
■ 1.C0I 



8-6° 



Propionic ncid 
Butyric acid . 



rMo 

* ICOHo ■"■! COHo ■' 
rcMeH. ro(CU3)I 

■ lOOHo °'lOOHo 
rcEtH, /C(C3Hs); 

■ ICOEo "'"tcOHa 
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Fusing- Boiling- 
point, point. 



Vlericacid {Sor{gga^^>=. - 184-5» 

iBopropaoetic acid . . | ^^jj^ «or | Q^yj^^ ^ ^ . . . — 175 

Caproicacid \00Ho^'l00Ho ^ ^ 

Isocaproic acid ....-) qoHo '®' " — 199*7 

(EnanthyUc acid ... { °^^^* or { gg^A^''^^' -lOR 2285 

CapiTlicacid {Sofe^'o'{cOTo'**^' "^l* ^86 

Pelargonic acid {SoSo"^^' " ^'^ 

Capricacid {SoHo"^°' 27-2(3(0- 

UndeoyUcacid {cOHo"^^' ^'^ 

Lauricacid {oOHf"^^' ■*'*' 

Tridecylic acid {Soh?'^^' ^'^ 

Myristicacid {cOHf*^^' ^'^ 

f entadecylic acid {oOH?"^^' " 

Palmiticacid {to^f"^^' ^^ 

Margaricacid {SgSo^"^^' 59» - 

Stearicacid {0^?"^^' ^'^ ' 

A«ichidic«rid {Sonf''^^' ^' 

Behenioacid {ccmi^''^^' ^« 

HyiBnasic acid i COHo 

Ceroticacid {Soh?"^^' ^ 

Melisricacid {Solf''^^' ^ ~ 

Oeeurrenee. — The greater nnmber of the adds of this seri.^* 
are met with already formed in nature, some in the free stsfc©* 
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as formic acid in ants and nettles, valeric acid in the valerian 

root, pelorgonic acid in the essential oil of the Felargoniwn, 

^osetim, and cerotie acid in bee 'a. was. 

Others are met with aa the etherea! salts of raonohydric 

alcohols. Thns spermaceti is cofcyiic palmitate, and Chinese 

wax cerylic cerotate. 

-A. large nambev eiist as natural fats in the form of the 

ethereal salts of g-lycerin : this is the case with butyric, pal- 

'Djtic, and stearic acids, which uaitcd with glycerin, form 

*^Spectively bntyrin, palmitiu, and stearin. 

y the oxidation of the normal alcohols of 
i in the conversion of alcohol into aj^etic 
ith a Bolntion of chromic acid: — 



tile Taethyl series, ai 
acid, by heating it w 

t CH.Ho 



0, 



OHj. 



2- By the action of alkalies or acids upon the nitriles or 
*"X»ormaI cyanides of the C„Hm+i series of radicals : — 



{ C.H„, 



fO.H,„, 
lOOKo 



1 



L CN"' 



tcOHo 



Instances of tlipse reactions are seen in the treatment o 
P*"Opionitri!e by a boiling solution of potassic hydrate, whe* 
* is converted into potausic propionate, 
flvolved, thus — 



[ CMeHi 
VCN'" 



+ KHo + OH3 



f CMcH- 
[COKo 



+ NH.; 



the conversion of propioniLrile, by t\ve siatVtiu < 
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lijdrochloric acid, into ammonic diloride 



tcN'" + HCl f 20H, = |(,Qy^ H 

Propio- Hydroclilorie Water. Fropionlg 

3. By the action of the potasBium or sodium c 
the CkHbh-i radicals upon carbonic anhj-dride — 

00. + O.H„,,N. = |°^H 



as, for example, in the formation of aodic propionate by the 
absorption of carbonic anhydride by sodic ethide : — 



lidation of aldehydes — 

ICOH + ^ - jcOHo ■ 



a of acetic aldehyde into acetic acid by the 
abBOrption of atmospheric oxygen^ 



J of general application, there are 
numerons special methods for the production of certain mem- 
bers of this series. In most of these methoda, however, the 
reactions cannot bo clearly traced. 

Thns, by the oxidation of albamen. fibrin, casein, and other 
similar substances, there ai-e produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in some kinds of 
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fermentation ; and acetic acid is obtained by the destmctive 
distillation of wood and similar Bnbstances. 



Relations of the Noritial Fatty Acids to the C,Hi,+i Seriei 
liadicah. 

1. When the salta of these acids are submitted to electrons 
lyaia, the metal goes to tlie negative electrode, whilst the resta 
of the molecule splits into carbonic anhydride and the poBitiyftJ 
radical of the acid. 



„fO.H,.», 
' 1 00N.O 



/ C.H„. 



200, 



Na,. 



On electroljzing a aolntion of potassic Yalentte, hydric po- 
tafsic carboaats and the DOrmal radical batyl are formed : — 



''\COKo 



/C.H. 

Bul;l. 



+ aCOHoKo + H,. 



2. When the ammoniD salts of these acids are heated with 
phosphoric anhydride, they are converted into the nitriles c 
abnormal cyanides of the radicals of the C„Hs,+i series : — 



[ CO(N'H40) 



as in the transformation of 
nitrile by distillation with pho 



4PO3H0, 

Motaplio^taorlc 



acetate into aceto- 
anhydride ; — 



/CH, 

\ CO(N'H,0) 



4PO,Ho. 

Mftaphosphorio 



These abnormal cyanides are converted ! 
alcohols by Mendius's reaction (see p. 81). 



jto monohydrio j 
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From tbe alcohols bi 
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obtained, the C„H,„+i radicals a 



MeHaUons of the Normal Fafti/ Adds lo tke C„Hai+iHo Seriesof 
Alcohols. 

1. By oxidation the normal alcohols yield these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the C,3i>n-i Ho alcohols, — 

1st, by Mending's reaction (see p. 81); 

2nd, by Piria and Wnrtz's reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with an. 
equivalent quantity of potassic formate, by which the acid is 
converted into the aldehyde, 



ICOKo 



\COKo 



+ COKoj, 



md sabaeqnent treatment of the aldehyde by nascent liy. 
Irogen, 

tcOH + ^-^ - \CH,Ho- 

Aldebjdo. Normnl 



3. By the action of eodin 
acid and chloracid:— 

Acid. Chloracid. 

, f O.H,.., 
+ t OHJIo 



amalg&m upon a mizturB of tiiB 



The anhydride of the aeid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodinm 
upon the acid, into alcohol. 
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Belatioat of the Normal Fatti/ Aciils to eaak other. Ascent of 
the Series. 
If the hydrogen constitatmg the positive part of formic 
acid were snbstitated anccessively by methyl, ethyl, &c., the 
■sphole aeries of normal fatty acids would bo obtained : — 

fH 

- \COHo- 

■ t COHo- 



Formic acid 



Acetic acid . 



Propionic acid 
Butyric acid . . 



■ 1 COHo- 
/CjM, 

■ I COHo- 



This sabstitntion has not yet been accomplished ; bnt an 
analogous series of reactions has been effected indirectly with 
acetic acid. 

B; the consecutive action of Bodinm and ethylic iodide 
npon ethylic acetate, the ethyl salts of butyric and diethacetic 
acids are obtained. The explanation of this complicated 
reaction is as follows : — 

1. Sodium and ethylic acetate yield ethylic sodaceto- 
acetate and sodic ethylate, hydrogen being evolved :- 

fCH, 
J CO 
] CHNa 
LCOEto 

Eltaf 13^ uveutc, EUijIlc Bodaceto- Sodic 

2. The sodic ethylate acts apou a fresh quantity of ethylioS 
acetate, yielding anew ethylic sodacoto-acetate, together witha 
alcohol : — 

rCHj 

-{cOEto + ^^^^ = icHNa 
[COEto 

F.lhyHc SinJic Elhjiic podattli 



''t COEto 



Ka, 



NaEto 



2EtHo. 
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3. If ethylic iodide be now added to the product of the 
above reactions, the ethylic sodaceto-acetate is converted into 
ethylic ethaceto-acetate : — 



fCOMe 

^ CHNa 

[COEto 

Ethylic sodacetO' 
acetate. 



-h EtI = 



EttayUc 
iodide. 



fCOMe 
^ CEtH 
[COEto 

Ethylic ethaceto- 
acetate. 



-h Nal. 



Sodic 
iodide. 



4. The ethylic ethaceto-acetate reacts with sodic ethylate 
and unaltered acetic ether, yielding ethylic butyrate and sodic 
acetate : — 



fCOMe 
<( CEtH 
[ COEto 



-h EtNao -h 



Ethylic ethaceto- 
acetate. 



Sodic 
ethylate. 



fCHs 
\ COEto 

Ethylic 
acetic. 



of 0EtE[2 

- "^1 COEto 



EthyUc 
butyrate. 



fOH, 
\ CONao- 



Sodic 
acetate. 



5. The ethylic butyrate, along with unaltered acetic ether, 
is acted upon by sodic ethylate, in a reaction corresponding 
to (2), producing ethylic sodethaceto-acetate : — 

{ COEto + {c?Eto + E*N^ = {l^l + 2EtHo. 



Ethylic 


Ethylic 


Sodic 


Ethylic 


Sodic 


butyrate. 


acetate. 


ethylate. 


Bodethaeetu- 
acetate. 


ethylate. 



6. The ethylic sodethaceto-acetate and ethylic iodide yield 
ethylic diethaceto-acetate : — 



rCOMe 

< CEtNa 
L COEto 

Ethylic sodethaceto- 
acetate. 



+ EtI = 



Ethylic 
iodide. 



COMe 

CEt, 

COEto 

Ethylic diethaceto- 
acetate. 



-h Nal. 



Sodic 
iodide. 



7. Finally, the ethylic diethaceto-acetate reacts with ethylic 
acetate and sodic ethylate, the process corresponding to (4), 
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and forms ethylic diethacetate, ethylic butyrate and sodic 
acetate. 



fCOMe 

< CEta + 

[COEto 


/CH3 

1 COEto 


-h 


EtNao = 


/ CEtjH 
\ COEto 


Ethylic diethaceto- 
acetate. 


EthyUc 
acetate. 




Sodic 
ethylate. 


Ethylic 
ditthaicetate. 


I 


r CEtH2 
\ COEto 

Sthylic butrrate. 


-h 


fCH, 
\ CONao" 

Sodic acetate. 





A method somewhat different from the above, permitting 

of the separation of the varions reactions from each other, 

and the readier preparation of the ultimate products in a 

state of purity, consists in starting witb ethylic aceto-acetate, 

rCOMe 

< CH2 . Tbis compound is obtained from the product of 
I COEto 

the action of sodium on ethylic acetate, by treating it witb 

acetic acid, by which means hydrogen is substituted for 

the sodium of the ethylic sodaceto-acetate (see equations 

1 and 2). By acting on pure ethylic aceto-acetate with 

sodium, ethylic sodaceto-acetate, free from the sodic ethylate 

which is the cause of the various reactions above described, is 

obtained : — 

rCOMe 
<^CH2 
[COEto 



fCOMe 
+ Na = <^ CHlSTa -h 

[ COEto 



H. 



Ethylic 
aceto-acetate. 



Ethylic 
sodaceto-acetate. 



Ethylic iodide is now added, when ethylic ethaceto-acetate 
is formed by reaction (3). By boiling the latter compound 
with co7icentrated alcoholic potash, the acetyl group is replaced 
by hydrogen, whilst potassoxyl takes the place of ethoxyl, a 
salt of butyric acid being thus formed : — 

fCOMe rrF+TT 

< CEtH + 2KHo = \ J^htT' + COMeKo + 
[COEto ICOKo 



EtHo. 



Ethylic ethaceto- 
acetate. 



Potassic 
hydrate. 



Potaanic 
butyrate. 



Potas^lc 
acetate. 



Alcohol. 
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The iodides of other radicals may he subatituted for ethylic 
iodide in the above reaction, by which means higher homo- 
lognes of butyric acid are obtained. rurthBr, by the action 
of sodium upon ethylio ethaceto- acetate, ethylic sodethaceto- 
acefate ia formed : — - 



fCOMe 

2^ CEtH 

(_COEto 

Elhylic elhaceto 



+ Na, 



rCOMe 

2 { CEtNa 

LCOEto 



The ethylic bo dethaceto- acetate may be subjected to the 
same series of reactions as the ethylic so daceto -acetate. 

With ethylic iodide it gives ethylic diethaceto-acetate, 
r OMe 

< CFA-! , from which, by the action of caustic potash, 
[COEto 

potassic diethacctate, < nilKo ' ^^ obtained. 



FORMIC ACID. 

{?OHo'"-°HOHo. 

Molecular weight = 46. Molecular volume I [ I - 1 litre of 
formic add vapour weighs 23 critlis. tiy. gr. of liquid 
1-22B. Puses at 8°-6 G. SoiUat99°C, 

Occurrence. — If red ants be made to pass over bine litams- 
paper and be nt the same time irritated, they leave a red 
streak behind them, produced by the formic acid which they 
eject. By placing the hand on an nnt-hiU, a tingling gensa- 
tion is felt from the same cause, and the hand acquires thfl 
powerful and pleasant odour of formic acid. 

Formic acid also occnrs in the hairs of certain caterpiUare 
and in the sting of nettles. 

^rniatioti. — 1. Formic acid is produced in a very large 
number of chemical reactions, as in the oxidation of many 
organic bodies (such as starch, woody fibre, or t-artarie acid) 



FORMIC ACID. 

by a mixture of sulphuric acid and ir 
potssaic hydrate or uhromic acid. 

2. By the action of pntaasic liydrate o 
formate ia generated : — 
CHCI3 + 4E:Ho = CHOKo 4 
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; oside, or by 
form, [lotassio 
3KC1 + 20H,. 



1 chl( 



0, 



C alcohol :— 
lOOHo 



loo 



OH,. 



3. By the oxidation of metliylic 
10H,Ho 

Metbf lie iLlcohal. 

4. By heating equal weights of dry oxalic acid and glycerin ' 
together to 75" C, when the oxalic acid splits into formic J 
acid and carbonic anhydride : — 

ICOHo _ /H 
\COHo - tCOHo 



co=. 



acid. Bcld. tuih;di1(la. 

5. By digesting together at 100", for forty-eight hoara, 
potafisio hydrate and carbonic oxide : — 

KHo + CO = {^Q- 



1 COKo' 



bjanil 



Jn like manner, by passing carbonic oside 
wated to 200°— 250% sodic formate is for 






quantity, the porosity of the eoda-lime facilitating the ab- 
eorption of the gas. 

6. Formic acid ia produced in small quantities by digesting 
cwbon ■with permanganic acid. 

^Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with aal- 
phnretted hydrogen, and afterwards rectifying the acid over 
plumbic formate ; — 

QjjQpbo -r 0x1, = ^-iCOHo 



PbS". 
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Character, — ^When heated with concentrated snlphnric acid, 
formic acid splits into water and carbonic oxide : — 



\COHo 


= CO + 


OH,. 


Formic 
acid. 


Carbonic 
oxide. 


Water. 



Chlorine conyerts formic acid into hydrochloric acid and car- 
bonic anhydride: — 



{ 



COHo "•" ^'» = ^^^^ + °°»- 

Formic Hydrochloric Caibonic 

acid. acid. anhydride. 



When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 



-h HgO = CO2 + Hg -f OH2. 



\COHo 

Formic Mercuric Carbonic Water. 

acid. oxide. anhydride. 



ACETIC ACID. 

/CH, 
1 COHo- 

Molecular weight = 60. Molecular volume \ I I - 1 litre of 
acetic acid vapour weighs 30 criths* Sp. gr, of liquid 1*064. 
Fuses at -h 17°. BoiU at 118°. 

Occurretice. — Found in small quantities in the juices of 
plants and in animal fluids. 

Manufacture, — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid ; the acid is 
purified by beinpf converted first into a calcic, and then into a 
sodic salt, the latter being afterwards decomposed by sul- 
phuric acid. 

2. By the oxidation of ethylic alcohol : — 



ACETIC ACID. 



\CH,Ho ^ 

Ethylic 

P'reparation. — Pare ac 
ling potaaaic diacetate :— 



rcH. 

ICOHo 



tic acid may be obtained by distil- 






_ rCHa _^ /CH. 
ICOKo'lCOHo - tCOKo + ICOHo' 



Character. — Chlorine acts on acetic acid in sunlight, pro- I 
mcing three chlorinated acids, in which olilorine is aab 
™ted for hydrogen ; — 



rcH. 

LCOHo 



f CHiCI 
tCOHo 



fCHCl, 
ICOHo 



/ CHiCl 
|COHo 



/ CHCI2 
ICOHo 



/CCla 
\COHo 



-Ihe ggjtg of acetic acid in which tlie hydrogen of the oxafcyl J 
^ 'placed by monad metala have the general formula 
fCH, 
ICOMo' 

■'■^o acetates of the dyad metals have the constitation \ 
'^P'^sented by the following general formula :— 



>-°'{s:o" 



CMeO-O,, 
CMeO-0*^ 



By the action of phosphor 
wstjlic chloride r— 



i chloride, acetic acid yields J 
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fCH, 

Icoci 



PROPIOHIC ACID, Methaeetic Acid. 

J CMeH, 

ICOHo- 

Moleeular wtigkt = 74. Molecular volwrne I j j - 1 Utre of 

propionic add vapour weighs 37 criths. Both at 141°. 

Preparation. — 1. By the oxidation of metaoetone — -a liqnid 

obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potasaic hydrate 

3. By tbe fermentation of glycerin, and also of Bugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potaesic hydrate or hydrochloric acid 
on abnormal ethylic cyanide (sec p, 145). 

5. By the action of carbonic anhydride on Bodic ethide 
(.cop. 146). 

6. Tn very small quantity by the action of carbonic oxide 
npon sodic ethylat* ; — 

OMeH,N™ + 00 = {g^ 

?. By the action of hydriodie acid on lactic axsid : — 

rOMcHHo „„ _ fOMeH. , nn i T 

Lactic H;?drlodlo Proplonk Wsler. 

BUTYRIC ACID, EtI.acetic Add. 

r CEtH, 

tCOHo- 

Molecular weight ^ 88. Molecular volume I I I - 1 Ufi-e of 

huti/ric acid vapour weighs 44 criths. Sp. gr. of liiiuid 

0'958. Fuses atO". Boils at IfiS". 
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Occurrence, — In butter, juice of flesh, perspiration, and 
many animal secretions. 

Preparation, — 1. By the fermentation of sugar with putrid 
cheese. 

2. By the action of sodium and ethylic iodide on acetic 
ether (for reaction, see p. 149). 



VALERIC ACID, Valerianic Acid, 

r CPrHa 
ICOHo- 

Molecular weight = 102. Molecular volume I I | . 1 litre of 
valeric add vapour weighs 51 criths, 8p. gr. of liquid 
0-9577. Boils at 184^1 S5\ 

Occurrence, — In many plants, as in the roots of valerian and 
angelica. 

Preparation, — By the oxidation of amy lie alcohol with a 
mixture of sulphuric acid and dipotassic dichromate : — 

rC(C3H7)H2 in — f C(C 33.1)13^2 I ciTT 
IcHjHo + 0» - IcOHo + °^»- 

Amylic Valeric Water, 

alcohol. acid. 

Isomeric forms, — There are four possible isomers of valeric 
acid, all of which are known : — 

Normal valeric acid or f CPrH^ ^^ f CH2(CH2[CH2(CH3)]) 
propacetic acid. . . . (. COHo \ CO Ho 



H H H H 



— C 



H— C— C— C— 



H H ' H O 



— C=0 



H 



iBopropaceticacid .. |qq^^ ^^ \COHo. 
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H 



H— C— H 

J— 



H 



H 



-A- 



H 



H 



H 



C=0 

I 




H 



H 



Methethax^eticacid.. {gg^/^ or / CHCCHs) [CH.(CH3): 



\COHo 



H 

I 
H H H— 0— H 



H— 0— C 



C- 



H H 



H 



-0=0 

I 
O 



H 



Trimetliacetic acid . . < qq^ ot < qq^ ^^^» 



H 
H— 0— H 



H 



H 

J- 



■0- 



0=0 



H 

I 
H— 0— H H 



H 



B. SECONDARY FATTY AGIDS. 

General formula. . | coh?""""'^'^- 
jFbrmcUion, — 1. As ethyl salts by the consecutive substi- 



DIMETHACBTIC ACID. 159 

tution of two radicals o£ the C»H,„+i series in acetio ether 
(.ee p. 149). 

2. By the action of a boiling aolntion of canstic potasli 
npon the nitriles or abnormal cyanidea of the secondary 
radicals. 



DIMETHACBTIC ACID, or Isohdi/ne Acid. 



4 



Molecular welgld = 88. Molecular volume n~l - 1 Hire of 
dimethauetio acid vapour ■weighe 44 criths. Soils at 152°. 
Isam&ria with butyric or ethacetie acid. 

Prepcvration. — 1. By the aeries of reactions described on 
p. 14y, Bubatitnting methylic iodide for ethylio iodide. 

2. By boiling dimethaceto-nitrile with solntion of canstic 
potash: — 

r CMe,H 
\CN"' 

Reaetian. — -By a hot solntion of chromic acid dimethacetic 
acid is decomposed into carbomo anhydride and acetic 
acid: — 

{era? + 30. = 200, + 20H, 



+ KH. + OH, = -S?f + NH.. 



Acetone is sometimeB formed as an intermediate product. 

Siethacetic acid, I finn ' ^^'^^^'^'^ with caproic acid, andi 
diamylacetio add, < rtj-jv?!-,, isomeric with lauric acid, haVftiB 
been prepared hy the snbsti tution of ethylic and amylioS 
iodides in the above reaction. 
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C. TERTIABY FATTY AGID8. 

General formula. . { coh?*"^'^'* 
Only one acid belonging to this division is known. 



TRIMETHACETIG ACID. 

fCMes 
1 COHo • 

Molecular weight = 102. Molecular volume I I i « 1 litre of 
trimethacetic add vapour weigJis 51 criths. Isomeric with 
valeric acid. Fuses at 35°'6. Boils ai 163°*8. 

For the graphic formula of trimethacetic acid see p. 158. 
Preparation. — By boiling tertiary bntylic abnormal cyanide 
with alcoholic potash : — 

[fp, 4- KHo + OH, = {g^g^ + NH. 

Tertiary Potassic Water. PotasRic Ammonia. 

valoro- hydrate. trimethacetate. 

nitrile. 



CHAPTER XVII. 

THE ACIDS. 

2. ACRYLIC OB OLEIC SERIES OF ACIDS. 

General formula of normal and f C(CnH.2n)" (CmH.2m+i) 
secondary acids \ COHo 

This series is divided into normal, secondary, and define 
acids. In the normal acids m = ; in the secondary it must 
be a positive integer. 

Most of the normal acids exist as ethereal salts of glycerin 
in natural fats and oils. 
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Tlie following is a list of the acrylic series of acids : — 

A. NORMAL ACIDS. 

Acrylicacid j^^^^^ or [^\y^^^ • 

c^^^r.'. 'A fCEt"H ^ ;C(CMeH)"H 

Crotomc acid j^^^^^ ^^(cOHo 

Pyroterebic acid 1 / CBii"H j C(C4H8) "H 

Hydrosorbic acid J I COHo ^^ I COHo 

l^amaJxiric acid C7Hi20i. 

Bamolic acid Ci3H2402. 

Moringic acid 1 P tt n 

umicic acid J 

Ptysetoleic acid "| 

HypogBBic acid > C16H30O2. 

Gaidicacid J 

Oleic ftPirl / ^ (^16^32) ' 'H 

Elaidic acid CibHsiOs. 

I^oeglic acid C19H36O2. 

^rassicacid. (Erucic\ n tj n 

acid) J ^22±i«U2. 

B. 8EG0NDABY ACIDS. 

Mfi+l, r •;! fCMe"Me / C(CH2)"(CH3) 

^etbacryhc acid | ^^^^ or | ^^jj^ ^ ^ A 

%'™.«^ -id { o»;f 0, { gga?''"'''*'- 

C. OLEFINE ACIDS. 

rCMe'H rC(CH2)"H 

^•Crotonic acid < CH, or <. CH2 

LCOHo LCOHo 

VOL. II. ^ 



Formniinn of Normal Acidt. — 1. By the oiidation of the 
alcohols of the alljl or C«Hij,_iHo series ; — 

\CH,Ho + U, - jcOHo + "^'■ 

2. By the oxidation of the aldehydes of the acrolein or 
JCOH seriea:- 

tCOH + U - [cOHo 

Aldehfdc. AclO. 

FoTmation of Secondary Acids. — By the action of phoB- 
phorona chloride, phoaphoric chloride, phosphoric oxyiri- 
ohloride or phosphoric anhydride npou the ethereal salts of 
secondary acids of the la^stic series, the elements of water are 
removed and the ethereal salts of the acrylic secondary 
divisions of acid prodnced : — 

^\COEto + ^^^> - '^IcOEtn 

F.-hftfal enlt of FhiwpliDruiii Ethfrml uli ot 

the \ixlic aiTita. <:hloriae. the acrylic Kriei. 

+ POHHn, + 3HCI- 



Eelaliojis of the Acrylic to the Acetic Series of Acids. 
The norma! and secondary acids of the acrylic series, when 
treated with fused potaasic hydrate, yield the potasaic salts of 
two normal acids of the acetic series ; — 



2EHo 



h/dmiff- 



,.)H, 



tOOKo 






ACETLIG ACID. 



1G3 



All the members of the acrjlic series found in natnre give 
acetic acid as one of the aeids produced in this reaction. 
From this and other considerations, it ia believed that their 
positive radicals all contain, one atom of hydrogen and a dja J 
radical. They are normal acida; and bj the action of fusL-d 
potassic hydrate the dyad radical becomes Bnbatituted by 
two atoms of hydrogen. Thus : — ■ 



/ CMe'H 

XCOHo 



+ 2KHo : 



rcHs 

ICOKo 



fH 

\COKo ^ 



H,. 



{g(»'=rH^,KH„={gg.^„ 



fCHa 

\COKo 



/CPr'H 

\COHo 






/ CMeHj 
IcOKo ' 



Some of the secondary acids aleo give acetic acid when J 
treated with f naed potasaic hydrate ; but this can only happen I 
when the dyad radical contains two atoms of carbon, thus ;- 

r CMe"Me 

\COHo " 

UeUist^rjiUi: PoLuaic Pousilu rotoBEb 

rCCOMeH)"Me , ^^„^ _ f.CMeH, , fCH, 
tcOHo +'^^^°-\COKo +I0OK0 

Melhjitrotooic PolMSie Polamic PoraHslu 



- 2KHo 



rCMeH, , /H 
'\COKo "'"ICOKo 



Elli;]cn>taiilc PoU'uic Potusic 

KM. hjdraie, liuDjiwe. 



rcH, 

1 COKo 



Molecular weiijht 
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r CMe"H 
ICOHo ■ 
^ 72. Fmes at T. Boils at 139—140.'' 
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JPreparatio7i. — By the oxidation of acrolein with argentic 
oxide : — 

rCMe"H ^ p.. rCMe"H . . 

Acrolein. Argentic oxide. Acrylic add. 

Reactions, — 1. Acrylic acid, nnder the influence of nascent 
hydrogen, is converted very slowly into propionic acid : — 

rCMe'H ^ XT _ /CMeHa 
tCOHo + ^2 - \COHo- 

Acrylic acid. Propionic 

acid. 

2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 

3. It also combines directly with hydrochloric, hydro- 
bromic, and hydriodic acid, yielding /3-chlor-, /3-brom-, and 
|S-iodopropionic acid. 

OLEIC ACID. 

r C(CieH3.)"H 
\ COHo 

Preparation, — Obtained in the purification of stearic acid. • 
Reaction, — Heated with potassic hydrate, it gives potassic 
acetate and palmitate : — 

r C(Ci6H32)"H OT7-TT^ _ / CHs , / C(Ci4H29)H2 , TT 

\ COHo + 2^^^ - \ COKo ^ \ COKo ^ ^" 

Oleic acid. Potassic Potassic Potassic palmitate. 

hydrate. acetate. 



CHAPTER XVIII. 

THE ACIDS. 

3. LAGTIO SERIES OF ACIDS, 
Greneral formula of normal and secondary acids 

/ C(CnH2rt+i)(C»jH2»t+i)Ho 
( COHo 
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In tlie normal acids m in this formula = ; but in the 
secondary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one semimolecule of oxatyl, the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. The 
following examples will serve to illustrate this definition : — 



H 





H 








H 






H 
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H C H 
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C— 


Lactic acid. 






H 

Methyl-lactic 
acid. 




J 



H 

A.ce to-lactic 
acid. 



The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight divisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 

3. Secondary Acids. 

4. Etheric Secondary Acids. 

5. Normal define Acids. 

6. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acida. 



let. Normal Aaids. — A normal acid of the lactic series may 
be defined as one in which an atom of carbon ia united with 
oxatyl, hydroxy], and at least one atom of hydrogen. The 
general formula of these acids is therefore 

/ CRHHo 
\COHo ■ 

In this fommla R may be either hydrogen or any monad 
positive organic radical. The number of acida possBssing 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modifications of which 
the poaitive organic radical is snsceptible. Thus, in the acida 
containing two, three, or four atoms of carbon, there can be 
only one of each belonging to this division, because these 
acids cannot contain a poBitive organic radical higher in the 
series than ethyl, and this radical ia not ausceptible of 
isomeric modification ; but a normal a«id containing propyl 
can hare one isomer in this division, the two acids contain- 
ing respectively propyl (CEtH,) and isopropyl (CMejH). 
For acida of this division containing normal poaitive organic 
radicals only, the following general graphic formula may be 



I 



H— 0— 0— C-~ 



In the case of glycolHc acid m = 0. 
The following are the acids at present known beloi 
his division : — 

«'^"*«i'> [%lt'- 



■tng to j 
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IsOYalerolactic acid 



•IiGncic acid . 



i-OxybntjTic acid I CoS^*'- 

/ CSPrHHo 
■ ICOHo ■ 

r CBuHHo 
■ \ COHo ■ 

2nd. Ftheric Normal Aeiih.^AJX etheric normal acid of the J 
lactic series ia constituted like a normal acid, but contains a 1 
monad organic radical, positive or negative, in the pla«6 of 1 
the hydrogen of the non-oxahjUc hydroxyl. The following ia I 
therefore the general formula of these acids : in the graphic ■] 
farmnla m, ae before, may ^ 0. 



H— 0— C- 




r CRHRo 
'^ \ COHo • 



R 
The nnmber of possible isomers belonging to this divisit 
very great ; for, in addition to those of which the normal acids ] 

containing R of the same valne are susceptible, a host of others g 

mnst result from the complementary variation of R and R, I 
The lowest member of the division, methylglycollie acid (iso- 4 
meric with lactic acid), ia the only one incapable of isomeric ' 
modification. 

The following examples will serve to illustrate the consti- 
tution of the acids belonging to this division ;— 

Methylglycollie acid | coMo^°- 

„,, , , ^- ■ . ; CMeHEto 

Ethyl-lactic acid < noHo 

Ac eto- 1 actio acid iCOHi 

-^ V fCSBuHHo + Aco = peroiideofncelvl, CHjOj. 
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3rd. Secondary Acids. — A secondary acid o£ the lactic Beries 
ia one in which an atom of carbon is united with oxatyl, hy- 
drosyl, and two semimolecules of a monad positive organic 
radical. The general formula of these acids is : — 



n 



-c — 
I „ 



- / CR.HO 
ICOHo- 



H 

In the graphic expression, the values of n and m may differ ; 
bat both are positive integers, and neither may = 0. In the 

symbolic formula R must be a monad positive organic radical. 
The following example will serve to illustrate their constitn- 

Dimethoxalic acid { rjnH 

Ethomethoxalic acid I r'nyj 

Diethoxalic acid < POR 

The number of acids possessing the same atomic weight, 
and belonging to this division, is determined, first, by the 
complementary variation of the two positive radicaJs, and, 
secondly, by the number of possible isomers of these radicals. 
Tlie lowest two terms of the series are alone incapable of 
isomeric modification by either of the causes mentioned. 

4th. Elheric Secondary Acids. — These acids stand in the 
same relation to the secondary as the etheric normal to the 
normal acids; they consequently contain a monad organic 
radical ju the place of the hydrogen of the non-oxatylic 



iHk 
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bydroxyl. The following is therefore the general formnla of 

these acids : — 

± 

R 



H 

i 

I 

H 



O 



C 



H 



^H^ 



+ ± 



„ rCR.Ro 



C=0 

o 

I 

H 

5th. Normal Olefine Acids. — A normal define acid belong- 
ing to the lactic series is one in which the atom of carbon 
united with oxatyl is not combined with hydroxyl, and in 
which the atom of carbon xinited with hydroxyl is combined 
with not less than one atona of hydrogen. The following are 
the general graphic and symbolic formnl89 of the acids be- 
longing to this division : — 



H— O— C 

II 
O 



H 

i 



V. 



H 



H 



C— 0— H or 



n 



+ 

R 



rCRHHo 
< (CHO„ . 
[COHo 



In both these formnlsB n mnst be a positive integer and 

+ 
cannot = 0, but R may be either hydrogen or a monad posi- 
tive organic radical. The defines of these acids may belong 
either to the ethylene or ethylidene series. 

The following are the only acids at present known belong- 
ing to this division : — 

rCHaHo 

Hydracrylic acid < CH2 

[COHo 

r CMeHHo 

jS-Oxybutyric acid < CH2 

LCOHo 
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{CH2H0 
COHo 

r CMeHHo 
a-Metliyl-iS-oxybiityric acid . . < CMeH 

[COHo 

The immber of isomers in this division will obvionsly de- 

+ 
pend, first, upon the complementary variations of R and 

(CHj),, ; secondly, upon the isomeric modifications of which 

■*" . 

R is susceptible ; and thirdly, upon the isomeric modifications 

of (CH,)„. 

6th. EtJieric Normal Olefine Acids, — These acids only differ 

from the normal olefine acids in having the hydrogen of the 

non-oxatylic hydroxyl replaced by an organic monad radical, 

positive or negative ; their general formula is therefore : — 



H— 0- 



-C 

II 
O 






H 



H 



+ ± 
rCRHRo 



C— 0— R or < (CH2)"n- 

[COHo 

R 



As in the fifth division, n must be a positive integer and can- 

+ 
not = 0, whilst R may be either hydrogen or a monad posi- 

± 
tive organic radical ; but R must be a monad organic radical, 

either positive or negative. 

7th. Secondary Olefine Acids, — A secondary olefine acid of 

this series is one in which the atom of carbon united with 

oxatyl is not combined with hydroxyl, and in which the atom 

of carbon united with hydroxyl is also combined with two 

monad positive organic radicals, as shown in the following 

formulae : — 
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Lo- 



lhJ, 



rCIUHo 

CCHO"„. 

I OUiio 



In both of these formnlis n iinist bo a positive integer and 

annot = 0, and R muBt be a monad poeitive radical. 

8th. Etherio Secondary Olejme Aoids. — These acids are re- 
aped to the secondary olefine acids in the same way as < 
^Bixili division to the fifth. Tfo member of the eighth division ' 

e yet been formed. 

Tormatimi, of the Normal Acids. — 1. By the oxidation of i 
ttie glycols, or dihjdric alcohols : — 



r CHjHo 
L \ CH^Ho 

I OIjcdI. 

^S. By the oxidat 

^^■^ Etl<;1!» 



OH.. 



QoftheCn^^ 
30 = { 



i hydrochloric acid upon the 



3. By the action of aqneo 
optiliydratea of the aldehydes 

fCMeHHo , now - /CMeHHo „„ 

SlhylMenlc Wawn-, I^ctitaciiL ATiimonia. 

1. From the fatty acida, by converting them first into 
chloro-sobBtitntion acids, and then acting npon these com- 
ponn^B with putaasic hydrate; — 



;t!(C.H„.,)H, „ 

lOOHo + '-'■ 



IcOHo 
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\OOHo + '"'" - toOHo + '"''■ 

dilorgfatt; add. Potmilc Noma! uAl of tbe Potisaic 

h^drnlE. IbcBc tenet. eUortde. 

Formation of Sccmulari/ Aaida. — By the action of the zinc 
compoundB of tbe monad positive orgauic radicals upon ethylic 
oxalate, and the subsequent addition o£ water ; — 

\ COEto + •iZn(aH^^O. = I COEto 



+ ZnCO,H„^OEto; 
\ COEto + ^^^^ - \ COEto 



OiHo 



Formation of Olsfine Acids. — 1. By uniting a dyad positive 
orgauic radical with carbonic oxjdichloride (y/iMjene gas) 
under the influence of sunlight, and anbsequenfcly acting upon 
the product with potassic hydrate : — 



.JCH, 
I OH, 

EUijfloue. 



+ COCl. = 



r CHiCi 

\CH.(C0C1)' 

fl-Chlorproplonjlic 



+ 2KCI H 



OH». 



rcHiCi , oK-rT„_ rcH,Ho 

tCHs(COCl) "^ di^iio - lcH.(COKo) 

fl-Chlgrovropionylic Folaealc PoiBHiic 

thlorWe. hydtUB. lijilnicrjlal*. tu.unuu. 

2. By the action of nascent hydrogen on compounds ot the 
aceto-acetic ether type. Thus from aceto-acetic etLer itself 
cthylic /9-osybntyrate ia obtained :— 



f COMe 
I CH, 
[COEto 



H, 



r CMoHHo 
< CH, 
LCOBto 
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Helationa of the Laaiie to the Aeetia Series of Acids. 

1. The transformation of the acetic or ftitty into the normal 
lactic series of acids has been mentioned above (p. 171). 

2. The converse operation ia effected with the normal and 
eecondary acids of the lactic serieB by m.eana of bydriodic 

tCOHo +'^^^-\OOHo 

AcLiI Of \juaic Kiia. EfdrloUc Acd nf wUc seriu. 



If m does not ^ 0, the fatty acid will be a secondary one, 
like the member of the lactic series from which it is derived. 

Relations of the Laetie to the Acrylic Series of Acids. 
If the ethereal aalta of the secondary acids of the lactic 
series be treated with phosphorus chloride, phosphoric chlo- 
ride, phosphoric oxychloride, op phosphoric anhydride, the 
ethereal salts of the secondary acids of the acrylic series are 
produced : — 

^ I COEto "•" ^^''--^ I COEto 



illofacrjllc& 



r 

I 



+ POHHo, + 3HC1. 

FhiiBpbDraiu BydTochlorlc 

This reaction has not yet been accomplished with the ' 
normal acids of the lactic series. 

A secondary lactic acid minus OHj = an acrylic acid. The 
reverse of this operation has not been performed. 



r CJb 

Icoj 

Sp. gr. of liquid 1-215. 
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UHo 
COHo - 



4 

e 

J 



L 
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Oceurrimce.—XTi Boar milk, Saaerkraat, floiiia of imiHciilar 
tieaue, gastric juice, saliya, of diabetic patients. In the acid 
liqaor of starch- factories, in blood, urine, tears, bile, &c. It 
is also a general product of putrefactive fermentation. The 
acid contained in animal fluids is pariilaetie aeid (see belowj. 
Freparatiim. — By fermenting sugar with pntrid cheese. 
For other processes, see pages 171 and 1?2. ^^ 

Ite salts hare the following general formalas : — ^H 

/ CMeHHo ^1 

r CMeHHo \ CO-0- . ., V 

\COMo ■ fCO-O ■ 

I CMeHHo 

Faralactie add, the acid contained in the animal joiceH, 
differs from ordinary lactic acid in its action on the ray of 
polarised light, which it cauaea to rotate to the right, whilst 
ordinary lactic acid ia withont action on the polarised ray. 
Both acids have, however, the same chemical conatitntion. 
The difference in their properties is dependent upon what is 
known as pkysiaal isomeriam, occasioned by the presence o£ 
an ani/iiimet?^ earboti atom (see under tartaric acid). 

IsomeHsm in the Lactic Series. 

The synthetical study of the acids of this series affords an 

insight into numerous and interesting cases of iaomeriBin. 

Commencing with the lowest member of the series, we have 

for gly collie acid the formula 

H 
I 


H— 0— H 
I . 
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An inspection of tbis fornmla, shows that glycollic acid 
admits of no isomeric modification, except with a total 
change of type. The part of the formula biiiow the dotted 
Kne represents oxatyl, with cannot bo altered without sacri- 
ficing the acid character of the componnd; thi 
therefore only the part of the formula above the dotted line, 
which admits of the following modification : — 
H 



The acid represented by the formula so modified no longer! 
cornea within the definition of the lactic series. It is carbo- ' 
methylio acid, and differs essentially from giycoliic acid and 
the lactic series in general, inasmuch as the carbon of its 
negative radical, oxatyl, is linked to the carbon of the posi- 
tive radical by oxygen.* 

■ Bearing this constitution of oarbomBthjlio aoid in mind, we have 
only to go one atop further in order t-opercuire the conetitution of oarbanic 
soid itself, and the explanation of tbe auomaloue basicity of this acid ; 
for if, in the abo'B graphic formula for cacbomothjlic acid, we replace 
the roethjl bj hjdrogen, wc hava : — 
H 
I 

H— C— H H 



I 



IL ig thus evident that the radical oiatrl, nhen united with hf droijl, lu 
mfacient nagatiiB power to produce a feshlj dibasic acid ; but inasmuch 
ft! ctirbonie acid ia not included in the category of organic acida, it forma 
no exception lo the law that an organic acid containing r aemintoleculea 
of oxatyl la n-babic. 



1 
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There being no decisive evidence that homolactia aeid 
difEera from glycollic acid, experiment and theory both agree 
in asserting that the formula CiHiOj represents only one acid 
in the lactic sei-iea. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable ot" the follow- 
ing three variations without quitting the lactic type : — 



No. 2. 



lo. 3. 



I I 

-C— C- 

I I 



Or, espressed symbolically :— 



hJ- 



-Lh 

I 

c=o 

d 

I 



I 

c=o 

I 



fOMeHHo rOH.Ho /S5'^° fOH.Moo 

loOHo • toH,(COHo)'"|gg{j_^- IcOHo- 

All the aoids represented by the above formnlaj are known, I 
The first espresaes the constitution of lactic acid, which 

COH ) °^ ^^^ series, 

described at page 166 ; the second shows the atomic arrange- 
ment of hydracrylic acid ; whilst the third represents metbjl- 
glycollic acid. The proof that the first two of these acida are 
so constituted is aiTorded by the synthetic processes some- 
timea employed to produce them; for ethylidenic cyanliydrato 
ia converted by ebullition with potash into a salt of laotio 
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Rfcid, wliilst ethylenic cyanhydrato is transformed ondep 
similar circumataucet^ into hydracrylic acid. It has also 
been mentioned above, that hydracrylic acid is produced by 
the action of phosgene gaa npon ethylene. Now the form- 
ation of ethylidene, or rather of its compounda, scarcely leaved 
a doubt that this body, if isolated, wonld have the following 
atomic conetitotion :— 



H 

I 
H— C-I 

I 
H-C3 



fCH, 



it wonld consist of a semimolecule of methyl and an atom of 
hydrogen, both united with an atom of carbon, two of the 
bonds of which satisfy each other. Thus the formation of 
ethylidenic chloride from aldehyde aud phosphoric chloride 
takes place aa follows : — 



PCls : 



/CH3 
\CHO 

Aldcb;de. Fbotpbori 

tlie oxygen in the aldehyde I 
There now only remains on 



{gHCl. + ^'"■. 

EltajlidCDic Fhoaphonc 

clikirjae. oiiIili:hlarlde. 

Qg simply replaced by chlorine, 
formula for ethylene, 



\CH,- 



Such, then, being the constitution of ethylidene and ethy- 
lene, it follows that the former ought to give rise to an acid 
of the constitution shown in formula No. 1, whilst ethylene 
should produce an acid agreeing with formula No. 2. The 
BrcidH actoally produced from these sources are lactic ) 
hydracrylic acids ; hence No. 1 is the constitutional foTmnibi 

VOL. n. u 
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of lactic acid, and No. 2 that of hydracrylic acid — a concla- 
sion which harmouizes perfectly with all the reactions in 
which the prodnction of these acids can be traced. Thus in 
the formation of lactic acid by the oxidation of propylic 
glycol, we have 



rCMeHHo , n - / CMeHHo 
l.CH,Ho + U, _ jcOHo 

Fropylic gljoo). 



n — J '-'iuenno , --,„ 



Again, in the production of thia acid from ethjlid 
hydrate, 



CHHo(CN'") ^ 

Ethr]iaenic 



The formula given for potafisic lactate in this equation ia 
only apparently different io type from that previonsly 
for lactic acid, since 

{oHko(COK„)=™'=So(COKo) = { ^g^". 

In the reaction by which a-chloroprop ionic acid is trans- 
formed into lactic acid we have the following change: — 



°^ 



rCMeHC! , ,^^ /CMeHHo 
i COHo + ^^^° = { COKo 



+ 2KHo = { n:^^Z + KCl + OH,. 



The prodnction of lactamic acid (aJantn), and that of 
lactic acid from the latter by the action of nitrous acid, are 
also clearly confirmatory of the above view. 

{C|m.,H„ + "«H + OH. + HCl = {gS''''"^-^ 

Ammonlo Uyiirocyanic WatM. Hydrochloric Lacwmii adfl 



L 
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/ CMeH(N"'H=) + NOHo = 
ICOHo 



Not ttie least interesting reaction illnstrative of the oon- 
stitntion of lactic acid is the formation of this acid by the 
action of nascent hjdrogen npon pyruvic acid : — 

rOOMe , „ _ rOMeHHo 
tOOHo + J*" - \00Ho ' 

FTniTic add. Lactir? Kcid. 

In a similar manner it can be demonstrated that the aboro ] 
formula No. 2 expreasea the consfcitutiou of hjdracrylic acid, I 
ivbicli belongs to tbe fifth or olefins division of these acids, 



r CRHHo 

t (CH0"»(COHo) ' 



f CRHHo 

.r-^(CH=r„. 
LcOHo 

That bydracrylic acid possesses this constitution is proved,, 
first, by its production from cyanhydrio glycol — 

fCHjHo 
+ KHo -f OH, = <, CH, + NHi 

[COKo 

Cyanbydric PuIu^Lc Water. Potasilc Ammcin 



rCH,Ho 

\CH,(CN"') ■ 



secondly, by its formation from phosgene gaa and ethyler 
(see p. 1?2) ; and thirdly, by ita conversion into maJonic acid 
by the oxidizing action of dipotassic dichromate :— 

fCHiHo fCOHo 

< CH, + Oj = ^ CHi + OH3. 



LOOHo 

Hf dncrfllc ac 



LCOHo 



By the action of water upon the chloride of ^-chlorpro- 
pionyl, a body of the composition of chloropropionic acid ia 
obtained ; but inasmuch as this body yields bydracrylic acid 
by ebnllition with potash, whilst n-chloropropionic acid gives 
under the same circumstances lactic acid, it follows that tha 
former chloro-acid must be isomeric, and not. identical, with 



the latter. Now, althongt the formula of propionic acid does 
not admit of any isomer, yet that of chloropropionic acid 
does, aa is Been in the following graphic formolte : — 



— C— H 

-Lh 



Cl 

I 

H— C— H 



C=0 



H 



A comparison of these formula with those of lactic E 
hydracylic acids (p. 1?6) shows at a glance that No. 1 i 
ccchloropropionic acid which yields lactic acid, whilst No. 2 
is (3- chloropropionic acid, which, by the eubfititntion of its 
chlorine by hydroxyl, mast yield hydracrylic acid. By the 
action of nascent hydrogen, both isomeric cUorideB will 
obvioasly produce the same propionic acid. 

The cause of the isomerism of methyUglycolIic acid (No. 3, 
p. 17tf) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the aeries, auch is the 
rapid increase of isomeric forms, that wo now encounter no 
less than eight poaaible isomers, all within the lactic family. 



f CEtHHo 
I COHo ■ 



f CMe,Ho 
tCOHo ■ 



f CH,Et« 
XCOHo • 



rCH.Ho f CHiHo f CMeHHo 

J CH, ^ CMeH . J CH, 

1 CHs I.COH0 LcOHo 
LCOHo 



■ { 



CH,Meo 

CH, 

COHo 
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Of these acids, Nos. ], 2, 3, 5, and 7, are known. Mos. 
1, 7, and 5, are a.-, 8-, and 7-oxybntyric acid; No. 2 is di- 
methoialic acid, which is identical with acetonic acid. Thia 
being the case, the formation of the latter hy the action of 
hydrocyanic and hydrochloric acids upon acetone is easily in- 
telliffible:— 

{ Omi. + ""H + 20H. + HCl = { ™gf ° + NH.C1. 

•Kid. ' cblDricsdd. dImethouUc Bcid. 

The tiiird of the above fonnulee is that of ethyl- gly collie 
acid. 

Of the possible acids containing five atoms of carbon, only 
three, viz., othomethosalic acid, isovalorolactic acid, and 
B-methyl-jS-oxy butyric acid, are known. The canse of the 
isomerism of these three acids is seen at once from an inspection 
of their conatitntional formalte r — 



Ethomethoxalie acid . 



Isoyalerolactic acid 



a-MethyI-/3-oxy butyric a 



r CEtMeHo 
■ I COHo 

f CPrHHo 
■ { COHo ■ 

("CMeHHo 
. J CMeH . 

LCOHo 



Of acids containing six atoms of carbon, the following two I 
ire known : — 

r CSBaHHo* 
■■■ \COHo 

f CEtjHo 
■ ■ ■ \ COHo 



Leacic acid. . 
Diethoxalic a 



The above formnla for lencic acid is fonnded upon a reaction I 
for the synthetical production of amidocaproio acid front m 
valeric aldehyde and hydrocyanic acid. Ordinary valeric acid ] 
contains isobntjl; coaaequently valeric aldehyde has the ci 
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Btittttion expressed by the fonnnla i Qrifr', and tte reaction 
in qoestion is therefore explained by the following equation :- 

{^iltVoHo + "^ + °H. + HOI = {g«lS,'=(™ 

Amnionic Hjdrocyuilc Water. HjiiDchlcric Amifloonproiq fldfl 

nlBrtc aldehyde. acid. add. (leaclu). 



Snch being the lational fonnnla of amidocaproic acid, its trans- 
formation into lencic acid by nitrons acid determines the 
constitution of lencic acid :— 



It is not, however, qnite c 
acid ai* identical with the n 
acid derived from it. 



jrtain that thiB lencin and lencic 
ktnrally occniTing lencin and the 
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i. FYBUVIO SERIES. 
General formnla { coHo^'"""^- 

In this formnla n may = 0, and the monad radical C„Hi». 
may be replaced by other hydrocarbon monad radicals. 

Only the following two members of this series 
known ; 

Pyruvic acid < nn w^. Boils at 165°. 



Benzoyl formic acid 



■■{ 



COPh 
COHo- 



of this series ar^J 
Boils at 165°. ^^| 
Fnses at G5 — 6(^^H 
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Pyruvic acid is obtained by the destructive distiUation of 
i}artaric acid, and also by the action of aqueous hydrochloric 
acid on acetylic cyanide : — 

Acetylic Water. Pyravic Ammonia, 

cyanide. add. 

Benzoylformic acid is obtained in a similar manner from 
benzoylic cyanide, < q^ 

The first member of this series would have the formula 

r coH 

I COK * ^^^® ^^ ^ believed to be formed by the dehydra- 
tion of glyoxylic acid; but its existence has not yet been 
satisfactorily demonstrated : — 

/ CHHoj riTT _ / COH . 

\COHo " "^^ - \COHo 

Glyoxylic acid. Glyoxalic acid. 

The aldehyde of this acid, however, is known. It is called 
glyoxal, and its formula is : — 

rcoH 

\COH- 
Glyoxal is produced by the oxidation of ethylic alcohol by 
nitric acid : — 

(chIho + 30 = {ggg + 20H. 

Ethylic Glyoxal. Water, 

alcohol. 

These acids are the semi-ketones of oxalic acid, and they 
stand in much the same relation to this acid as that which 
acetone occupies with regard to acetic acid : — 

r CH, / CHs 

I COHo ' 1 COMe- 

Acetic add. Acetone. 

/ COHo / COMe 

\COHo* \COHo- 

Oxalic add. Pyrwlc wM, 
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V 



The pyruvio series is also closely related to the la.^^to' 
series ; pymvic acid when treated with nascent hydrogecs* ' 
converted into normal lactic acid : — 



5. THE GLYOXYLia SERIES OF AOTDS. 
General formola. . / C(aH.«+,)Ho, ^ J cllC„% 

In the second formnla n may ^ 0. 

The two following acids of this series are known : — 



Gtyoiylic acid . . l oritin'. Sympy, cryBtalline hydrate. 

r CH^Ho 
Glyoeric acid . . . . < CHHo . Syinpy. 
I^COHo 

These acids are trihydrio, but monobasic, and are related to 
the glycerin series of alcohols in the same way that the 
members of the lactic series are related to the glycols: — 



rCH,Ho rCH,Ho 

\ CH^Ho- 1 COHo ■ 

fCH,Ho rCH,Ho 

^CHHo. .J CHHo. 

[CH.Ho [cOHo 



By a reaction similar to that which la belieced to prodnce 
glyoiftlic acid from glyosylic acid, glyceric acid yields pymvic 
auid: — 

rOH,Ho fCHj 

^ 




BENZOIC OR AEOMATIC SERIES. 
CHAPTER XX. 

THE ACIDS. 

6- THE BENZOIC OR AROMATIC SERIES OF 
ACIDS. 

Genera] formula. . i nn^"'- 

^"^ymation. — 1. By tho oxidation of the aromatic or 



0, 



■^- ly the oxidation of the aromatic aldehydes. Thxnl 
D*nzoj|, ^pjj^ jg formed from benzoic aldehyde, or oil of bitter- 
almonds (see p. 140). 

^- iy the action of alkalies on the nitriles or abnormal 
•T^^idea. Thus potossic beuzoate is formed by the action of 
pota.ali upon benzonitrile : — 

{o^5 + KHc + OH, = {g-a^ + NH.. 

BeiiKliUtrile. Polaseii: benioato. Arainmiiu 

^- By tbe action of sodinm and carbonic anhydride on the 
broQiides of the C,Hm-, radicals :— 



I 






3 of the series are produced bj the c 
datitm of the hydrides of the CnHsa-i radicals : — • 

C,Mo=H. + 30 = IcnH?' + °H=- 



6. The acids of tbe aromatic series may be obtained from 
the monaminea of the series containing one atom less of 
cubon. 



w 
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ThuB phony I a mine, when distilleii with oxalic acid, produces 
phenylformamide:— 




{Cgg>»H.(C.H., 


= NH(GeH.)(CHO) + OH,+ CO,. 


1 


Fhenyliorm amide, by 
benzonitrile : — 


the action of heat, giveB water and 




NH(C=H0CCHO) = OH, + \cW"- 




' 










Benzonitrile, heated with potassic hydrate, gives 
benzoate and ammonia : — 


potaaaic j 




{°f.;, + KHo 


PoMBSiC 






Toluic acid, | q'^^^' ^"^ ^^'^^ ^ obtained from tolnidine, ' 




NH,(C8H,Me). 

The following terms of this series dire known ; — 








Fiising- 


BoUiDg- 




Benzoic acid 

Orthotolnio acid 


;cA r2o= 


25Cf 


■{afd^'l-- it""^ 




Metotolnio Boid 


•{Sj?h"°(''») ■■■■ i"^"" - 


1 




/OPhH, „.. 
.ioOHo 'I"' 


215 
262 


Alphfttolnio (phenjlacetic) 

Mesitjlenio acid 

Xyl'caci'i 

Paraijlio acid 


• The semimo 


eculo of oxatjl in the positiou 1. 


j 








-J 
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Alplm^Tlic acid {§OHo'^''"' <1^*) *^ 

Ethjlben^oic acid { OOHo* *^ ' *^ ^^° 






lie (^-phorjlpro- 



lOOHo 
r Ci-liHj 

■^ OH3 47'S 

[oOHo 



pk>mo)»cid..:. ....,.:... I0OH0 ^'1'"'^ ^^ 

^-^^<"^^ {cofe^ 'SO - 

Cuminic acid j qJ^^"" (1:4).... 113 290 

These acids have the same constitution as those of the 
acetic eeriea, but contain the C™H«_t series of radicals. Other 
acids are also known holding towards the phenyl series the 
same relations as the acrylic, glycollic, pyruvic and glyosylio 
series bear to the acetic serieB. TKe pyruvic acid of tho 
phenylBeriea has already been referred to (p. 182). Cinnamic 
w ^phenylacrylic acid ia an acryloid acid of this section, cor- 
responding to |3-phenylpropiouic acid : — 

fCPLH, „(CPhH 

2 CH, |CH 

ICOHo jCOHo 



CSnnamic acid ia decomposed, like the acids of the acrylic 
seciea, when heated with fused potaasic hydrate; it gives J 
fnder these circumstances potassic aeetate and benzoate. For j 
^G analogons reaction in the acrylic series, see p. 162. 

Atropic acid, obtained by the action of alkalies on atropine, , 
with cinnamic 



COHo ■ ''"" 
acid. 

Salicylic acid, oiybenzoic acid and paraoxybenzoic acid a 
the lactic acids of benzoic acid (seep. 189). The oil o£ 1 
"Wadow-aweet (^Spirisa tilmaria) ia the aldeliyde of salicylic 
acid:— 
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Anisic acid is paraosy benzoic acid in whicli the phenylie 
hydroxy] has been replaced hy methoxyl; — 



I l_rjXl,itieD ,, ,, 

IcOHo <! = *>• 
Additional examples of the phenyllactic s 



inyuc i 



acids of the general formnla, | §^^''^''. 
fnrthep,oxymetbyl-phenjlformicacid, i fiWa" ' '(1:4), 



Lndelic (phenylglycollie) acid, { g^n™". 



fCH,(C,H,Ho) 






(from Melilottts officinalis), 2 CHi (1 : 21, phloretic 

[COHo 

-^{cS^'^'^^"^a:4),anatropicacid, 
rCPhH(CHsHo) 
tCOHo 
Nnmeroas acids of the phenylglyosylic series 
One of these is protocatechuic acid, I jiqA (1:3:4, 

oxatjl in 1), metaparaoxybenzoic acid, some of the deriva- 
tives of which are well-known vegetable principles. Yaniliin, 
the odoriferons principle of the vanilla bean, is protocatechuic 
aldehyde, in which the metahydroiyl-groiip has been replaced 
by methoxyl : — 



CaH,(COH)MeoHo 






(incIsinrtbalT-FaiBoiybenEoic sldelijile). 

Vanillin is artificially prepared on a commercial 
eoniferin, CibHjjOb, a substance contained in the cambinm of 
ooniferons ■woods, sncb as the larch. When boiled with acids, 
eoniferin takes up the elements of water, and is converted 
into coniferylic alcohol and glucoae ; — 
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Oi^HjiO, + OH. : 



! CiHjMeoHo , « n- n 



By oxidatioiL with chromiQ acid, coniferylic alcohol yielda 



ConUsiTtli: 

QalUe acid, from ) 
ei Qte formula — 



rC»H,MeoHo 
■ \COH 



+ 2C0, 4 20Hi. 



Il-nnts, is a tetrahydric monobasic acid 



r C»H,Ho. 
tCOHo ■ 

It may therefore be regarded as benzoic acid, in which 
three atoms of hydrogen have been replaced by three aemi- 
moleunleB of hydroiyl. 

Tannic acid is obtained by the abstraction of one molecule 
dE water from two molecules of gallic acid. Its constitutional 
lormnla is ; — 

rcoHo 

C,HjHo3 

CsH.Hoj 

LcOHo 



BENZOIC ACID. 

1 COHo ' 
r toeiyht = 122. Molecular volvme I I ) ■ 1 litre of 
hentoia acid vapour weighs 61 orHhs. Fueea at 120". Boils 
0(250°. 
Oeourrenee. — In many balsams and gnms. In putrid 

ft^ration, — I. By the oiidation of oil of bitter almonds 
(benzoic aldehyde, p, 140), cinnamio acid, styrolene, or any 



aubstittttion derivative of benzene containing only one iat 
carljon chain (see p. 61) ; — 

}0H + 30, = J 2ff- + 200, + OH,. 

fcOHo 1.00HO 



„fO(C,H.)H 
loH, 

(jheDyletbylene). 



.„ _ ro.H, 

^° = tOOHo- 



2. By the sinmltaneona action of sodiu 
anhydride on monobrombenzene : — 



and carbonic 



O.H.Br + Na, + CO, = { %'q^^ + NaBr. 



3. By fusing together poti 
potaaaic formate : — 



I SOjKo 



fH _ rc,H, 

\COKo - \COKo 



SOKoHo. 

Erdric I 



4. By heating benzotrichloride with water to 150° : — 






+ 20H, 



(phenylchlorofOrm). (plienilformic vMi. 

5. By beating to a temperature of 330^-350°, a 
of two molecolea of calcic phthalate with one molet 
calcic hydrate : — 

rc,Hs 

2CsH.gQCao" + CaHo, = J gg'cao" + 2C0Caoi 
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6. By the action of fused potas 
acid: — 



■drate on cinnamio 



„/C(C.H.)H 

iCOHo 



Potnffliii PoCudc Pols«ic 

hrdrale. flcetala. beniaate. 

d (benzoylgljcollamic acid) with 



OHi 



7. By boiling hippui 
hydrochloric acid : — 

fCO(aHs) 
J NH 
T CH, 

LCOHo 

Hippnric 



8. By the action of osddiaing agents on casein or gelatin. 

9. From gem benzoin by sublimation, or by extraction with 
potassic hydrate, and subsequent precipitation of the acid by ' 
hydrochloric acid. 
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DIBASIC ACIDS. 
General formula. . A(COHo), or {b(COHoV 

A and B being dyad radicals containing CbH^O,. 

These acida alt contain two semimoleculeH of oxatyl ; and I 
if in the general formnla n, m, and 1=0, oxalic acid will be | 
the first term of the series. 

Formation. — Many of the dibasic acida are produced by the 
oxidation of substances, the molecules of which are richer in 
carbon, such as oils and fats. Others are found ready formed 
in nature. 



Reacttons. — -1. By the action of dehydrating anbstanceB, and 
even sometimes by heat alone, many of these acids lose water, 
forming anhydrides: — 

tB(COHo) - "^' + 1b(C0"| 

The formation of anhydrides by the action of heat atone 

occurs most readily in the case of those dibasic acids in wMch 

the two semimolecnles of oxatyl arc attached to adjacent car- 

f CH" f POTTol 

bon atoms, for example, in snccinic acid, < nTr'/T'OTT V 

pyrotartaric acid, < CH^fCOH t ' "^^ phthalic acid, 

C,H.(COHo) (1:2). 

On the other hand, those dibasic acids in which the two semi- 
molecules of oxatyl are united to the same carbon atom., as in 
malonic acid, CH2{COHo)j, isosnccinic acid, CMeH(COHo)), 
do not form anhydrides at all, but are decomposed by the 
action of heat into carbonic anhydride, and a monobasio 
add: — 

CHi(COHo), = CH,(COHo) + C0~. 



2. If the anhydride be submitted to the action of phos- 
phoric chloride, an atom of oxy^n is replaced by two of 
chlorine ; — 

fA(COo\ pp. _ fA(COCl) , p„p, 

tB(CO^/ + ^^^' - Ib(COCI) + ^°'^^- 

Anhydrifle. Fhonphgrlc Chlorids. Pftosphorle 

chlurlde. rajtrtoMoriOa. 

There are, however, some reactions which seem to indioata 
that these chlorides possesa the formula, i ■o/r'nO ). 

3. Both the anhydrides and the chlorides are reconvKted ■ 
into the acids by the action of water : — 
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Chloiide. Water. Acid. HydrochloTic 

add. 

The dibasic acids maj be divided into the four following 
series : — 

1. Succinic or aceioid series .. < r^'xr" Vi-irM-? \- 

\ C«H2«(COHo) 

In the first member of the series wi = 0. 

2. Fnmaric or acryloid series. . " < p"xT^~*^rOH V 

3. Malic or lactoid series < r*'*Tj^7rir\^ \ • 

4. Tartaric or glyoxyloid series. {c^hIIIIhoCCOHo)- 

The first and second series are dibasic and dihydric ; the 
third, dibasic and trihydric; and the fourth, dibasic and 
tetrahydric. 

1. THE SUCCINIC OB ACETOID SERIES. 

r^^s- rCOHo 

General formula. . < J^ t/* or < CrtH2„ . 

IcOH^ 1 COHo 

In addition to oxalic acid (oxatyl) which many chemists 
regard as the first member of this series, the following are 
some of the most important : — 

Fnsing-point. 

rcoHo 

Malonic acid ^ CH2 132°. 

LCOHo 

rCOHo 

Succinic acid < ^tt* 180 

^COHo 
rCOHo 

Isosuccinic acid , . . . < CMeH 130 

LCOHo 

VOL. U, ^ 



^^1^^^ 


THK ACmS. 


^ 


^ 


^H Pyrotartari,; acid . . ^ °^^^. .... 


FoBng-poial. 

U2' 


1 


^^K 


LCOHo 






^^H GIntaric acid . 
^^M Adipic acid . . 


rcoHo 

[OH, 

J OH, 

OH, 
LOOHo 

rooHo 

■^O.B, 

LoOHo 


07 
148 


Boils at 3C 


^M Pimelic acid 


fOOHo 

.^ 0>H,. 

[OOHO 


. HI 


1 


Suberic acid 


fOOHo 

i 0,H„ 

LCOHo 


1« 


1 


^K Anchoic acid 


fCOHo 

J, C:H.4 

LOOHo 


106 


1 


^^1 Sebacic acid 


rOOHo 

'^O.H, 

lOOBo 


127 


1 


^^M Rocccliic acid 


rooHo 

.^0,.H. 

LoOHo 


132 


m 


^H It is obvioas that, with the exceptic 


m of the firet, there n 


^^H be Gerei-al mo 


dificatious of each of these acids. 


. Thus, th 


^H nre two auccic 


lie acids, one coalaining 


: ethylene, 


, and the ot] 


^^M obbylidene (ae 


e p. 177). 






I 


cn,(00Ho) J r 

OH,(COHo) •■"' 1 


OH. 
OH(COHo), 


^^V 1- ndatimie of the Sueciiik to tlio Lactia Series i 


)/ Ands am 


^H 


the Olyooh. 






^^1 These acids 


are rekted to the lactic 


; series and to the glyc 



RELATIONS OF THE SUCCINIC SERIES. 

o way as the fatty atiids are related to the mouaoid 



fCH,Ho 
\ CH,Ho- 


f CHiHo 
\ COHo- 


rcoHo 

tcOHo 


Glfcol. 


Olycollic <Lclil. 


Oullcadd. 



This relation, however, does not strictly extend beyond the 
I £ret member, ajthongh it may be partially traced in the rela- 
tions of malonio and adipic acid to parala^tio and paraleacic 
acid: — 



f CH,{CH^o) 
1 CH3H0 



r CHsCCHsHo) 
\ CH,Ho 



r CHn(CHiHo) 
\ COHo 



r c.Hb(ch~ho) 

tCOHo 



r CH,(COHo) 

tCOHo 



/ CHbCCOHo) 
\ COHo 



2. RelaiionB of the Succinie Series to the Dyad Radicala. 

1. The acids of the anccinic series are intimately related to 

the dyad radicals, the nitriles or abnormal cyanides of which 

are readily coaverted into dibasic acids by eballition with 

potaBBic hydrate or hydrochloric acid : — 

fC,H„(CN'") ,2KHo + 20H-i'°"^-('^°^°)+-2NH 



2. Some of theae acids, when heated with excess of caustic 
baryta, give np two molecules of carbonic anhydride, yielding 
the lydrides of the dyad radicals : — 
rCOHo 
■(C^„ -. 
[COHo 



2C0. 



(C,H,0"Hi. 



rcoHo 

I CsHis : 

I COHo 



(CaH,e)"H,. 
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These reactions are the analogues, in the dyad aeries, of 
the process by which marah-gas is obtained from acetic acid. 
The hydrides of the dyad radicals so obtained are isomeric 
with those of the correaponding monad radicals. 

The elimination of carbonic anhydride from a, monobasic 
acid can only take place once, while from a dibasic acid it 
takes place in two Bnccesaive stages : — 

In the case of a monobaBlc acid. 



{crair - 00. = o.H..„ 



In the case of a dibasic acid. 



i.^H 



lO.E..(COHo) [cOHo 

ro.H,.+, ,_ 

Jo.H. - 00, = {S-S-+'. 



3. MelatioiiB of the Swxinio to the Acetic Series of Acids. 

1. By tlio redncing action of hydriodio acid at 280°, succinic 
acid is converted into normal butyric acid : — 

. ;OH,(COHo) ,„ _;OMeH. „„„ , 

loH,{COHo) + ""^ -l0H,(C0Ho) + ^°* + 8'- 

Snccldc HydrlDdlo Bulync Watsr. 

adliL add, aad. 

The reaction has been studied only in the case of butyrio 
acid, but would probably extend to the other members of the 

2. By the loss of the elements of carbonic anhydride, the 
first three members of the snccinio series are conTerted into 
members of the acetic series, containing one atom of carbon 

rCOHo _ „^ /H 

\COHo - ^^' + \COHo- 



SUCCINIC 


ACID. 


fCOHo 
CH, 
COHo 


= CO. 


+ 


rcHa . 

tCOHo 


*^if 


Mbydrt 




Acetic Kia. 


COHo 

CH. 
COHo 


= C0« 


+ 


r CMeH, 
|COHo 



add. anbydride. odd. 

In the first two cases the action of heut alone is suffiaient ti> 
effect the tranaformatioa ; bat in the third the affinity of lime 
for carbonic anhydride mast be superadded. i 

3. Conversely, the members of the acetic series may be con- 
verted into those of the succinic containing one atom of 
carbon, more, by replacing one atom of the hydrogen in the 
positive radical of the ficid by cyanogen, and then boiling 
■with potasaic hydrate :— 



2KHi 



:.= {c 



+ NH,. 



The conversion of formic acid into oxalic acid, by heating 
irit^ potassic hydrate, also belongs to this class of reac- 



Fomlcwaa. Potassic Polassiq 
hjdraw. oiuJate. 


20Hj + H,. 


SUCCINIC ACID. 




rcoso 

CH, 

1 CH, ■ 

.COHo 




Fuses at 180°. Bhsolvea in 20 parts of c 
Occurrence. — In araber ; in some kinds 


Id water. 
of lignite; in the 


resin of some kinds of pine ; also in many 
ill some animal substances. 


other vegetable and. 
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Formation. — 1. By the action of potaasic hydrate upon ab- 
normal ethylenic cyanide (p. 131) : this reaction proves that 
succinic acid contains ethylene, and that its constitntional 
fopnmla is as given above. 

2. By the oxidation of bntyrio acid by nitric acid : — 

{s " '° = {H " °;^ 

The nature oE thia reaction is more clearly s 
sed formulfe, tlins ; — 



rCOHo 
J CH, 
1 CH, 
LoOHo 



rith fully 



roH. 

JCH, 
1 OH, + 
ICOHo 

Buljricadd. 

3. By the rednction of malit 
hydriodic acid : — 



acid by fermentation, or by 



{COHo 
CHHo 
OH, 
OGHo 



rOOHo 
J OH, 
lOH, 
LOOHo 

Baqclnid «dia. 



4. By the reduction of tartaric acid by hydriodic ticid. 



COHo 

CHHo 
CHHo 
COHo 

Tsrturio 



fCOHo 
J CH, 
1 CH. 
LCOHO 



It is evident that this reliction is perfectly analop 
that by which lactic acid ia transformed into propionic acid 
(p. 1S6). 

5. The two isomeric acids, fniaaric and maleic acids, are 
converted by nascent hydrogen into snccioic acid :- 
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// 



COHo 

CH 
.CH 
<COHo 



+ Ha = 




+ H2 = 



{COHo 
CH, 
CH2 • 
COHo 

Saccimc acid. 

rcoHo 

JCH, 
1 CHj • 
^COHo 

Succinic acid. 



6. By boiling ethylic ^-cjanopropionate witli solution of 
canstic potash : — 



rCN'" rCOKo 

< ch' + 20KH + On,+i ^^l + HEto + NH3. 
[cOEto [coko 



Ethylic 
/3-cyanopropionate. 



Saccinic 
acid. 



Alcohol. 



Ammonia. 



The two processes by which sncciDic acid is generally pre- 
pared are, the distillation of araber and the fermentation of 
calcic malate. 

Reactions, — 1 By distillation, snccinic acid splits almost 
entirely into succinic anhydride and water : — 



rCOHo 
[COHo 



Succinic 
acid. 



CO 1 

C2H4 O + OH2. 
CO ' 

Succinic Water, 

anhydride. 



2. On being submitted in solution to electrolysis, sodic 
snecinate yields ethylene, carbonic anhydride, and sodium, 
the latter decomposing the water and forming sodic hy- 
drate: — 

rCONao 

J C2H4 + 2OH2 = C2H4 + 2CO2 + 2NaHo H- Hj. 
[CONao 

Sncdnic Water. Ethylene. Carbonic 

add. anhydride. 



3. Succinic acid may be boiled for hours with concentrated 
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nitrio acid without suffering any change ; neither is it afFected 
by a, mixture of potassic chlorate and hydrochloric acid; but 
it produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 

4. Succinic acid forms three kinds of salts, viz. : — ^^1 



Nonpd. 


Arid. fiupermia. 


fCOMo 


fCOHo rCOHo rCOHo 


■^C.H. . 


\ C.H, . \ C.H. ,^ CH, . 


[cOMo 


I^COMo LCOMo [.COHo 


fCO , 




i C.H. Mo' 




Lco^ 






ISOSUCCINIC ACID. 




fCOHo 




J. CMeH. 




[COHo 



Fuses at 130°. Dissolves in h-i parts of cold water. 
Formation. — By boiling ethylic ct-cyanopropionate with 
solution of caustic potash ; — 
I ON'" fCOKo 

J. CMeH + 20KH + OH: = < CMeH + HEto + NH,. 
[COEto LCOKo 
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2. FUMABIO OR AOBYLOID SERIES. 
General formula. . " | c!h^:;{coHo) °^ C-H2--.(C0H( 

In this series there are two isomeric acids containing fonr 
atoms of carbon, viz. ; — 

Fumaric acid 1 „„„ „ ,pnTT„i 
Maleic acid / " " ° .H=(COHo)., ; 



I 
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and three oiher isomeric acids containing five atoms of car- 
bon, viz. : — 



Itaconjc acid 
Citracouic acid 
Mesaconic acid 



''(ai^H.CCOHo)^ 



Constitational notation predicts the ezistenoe of fonr acids 
belonging to the foar-carhon group. The following are the 
four possible formnlie for these acids : — - 



C=0 

I 



I 



C=G 
I 

I 

CO 

I 

=c 

i 

1 



H— C— 0— H 

I 



.COHo 
JCH 
"I CM 
iCOHo 



C 

COHo 



fCOHo 
^ C("CH)H. 
LcOHo 



fCOHo 
^ CMe". 
[COHo 



Of these formulte So. 1 is supposed to reprGaent fnmaric, 
aad Jio. 2 maleic acid. Under the influence of nascent 
hydrogen both those acids yield Buccinic acid (see p. 198). 

That succinic acid contains ethylene I "< ^^ p.' 1 and not 
ethylidene I i "fiTr' )i is proved by its formation from abnor- 
mal ethylenic cyanide (p. 131) ; but formulte Noa. 3 and 4 
give, by the addition of two atoms of hydrogen, the formula 
acid containing eth jHdene, thaa : — 



202 


TTIE ^^H 




^H 


No. 3. 

rcoHo 

2 0("CH)H + H, 
ICOHo 

No. 4. 

rcoHo 

i CMe" + Hj 
LCOHo 


r COHo 1 ^H 
= J CMeH H C=0 ^ 

^°™° hJ-Lh 

rCOHo H c=o 
= J CMeH. 1 
[coHo 




1 
H 




iBomcdniLi add. iBoancciniE acid. 


Tumaric aciil combines directly with bromine, producing 
dibromosuccinic a«id. Maleic acid also combines directly 
with bromine, producing isodibroraoanccinic acid. The fol- 
lowing formulie show the nature of this isomerism : — 1 


H H ^1 


rCOHo 
J OHBr 
TOHBr 
LoOHo 


A i i A 

i 1 




i i 


Corresponding to maleic iioid, 

H Br 


rcoHo 

J OH, 
■^OBn. 
LcOHo 


C— C— C— c 

A i bI A 

1 1 




i i 


Wlien acted upon by nascent liydrogcn, both these iso- 
meric bromo-acids prodnce, as might be expected, the same 
enecinic acid : — 
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rcoHo 

JCHBr , gxr 
iCHBr + ^^» 
COHo 



Dibromsuccinlc 
acid. 



rcoHo 

J OH, 
^CBr, 
COHo 

Isodibrom- 
saccinic add. 



+ 2H, = 



COHo 
CH, 
CH, 
COHo 

Succinic 
acid. 

COHo 
CH, 
CH, 
COHo 

Succinic 
acid. 



4- 2HBr 



Hydrobromic 
acid. 



+ 2HBr. 



Hydrobromic 
acid. 



Of a similar character is the relation subsisting between . 
the isomeric acids of this series containing five atoms of 
carbon, viz., itaconic acid, citraconic acid, and mesaconic acid. 
There are no less than fourteen possible formuleD for this five- 
carbon group of acids ; but the three individual formulae 
belonging to the three known acids cannot at present be 
determined with certainty. It is supposed, however, that 
the formulae of these three acids are — 



H 

i 



H 

I 
O 



H 

i 



0=0 

H H— C— H 



0=0 



0=0 



H CD 

I I 
H— 0— C— H 



H— 
H 



H 0=0 

i 



H— C— 



H 0=0 

i 



H 

{COHo 
CHa 
CMe" 
COHo 

Itaconic acid. 



H 0=0 

i 



H 

COHo 
"C 

CMeH 
COHo 

Citraconic add. 



H 

rCOHo 
CH 
"}CMe 
^COHo 
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Itaconic, citraconic, and mesaconic acids stand in the same 
relation to pjrotartaric acid as famaric and maleic acids 
occupy with regard to succinic acid; for, when submitted 
to the action of nascent hydrogen, they all yield the same 
pyrotartaric acid. The formula of pyrotartaric acid is 

H 

I 
O 

u 

icMeH „ J, I XT 



I 
H 0=0 

i 

I 

H 

Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 

By the action of bromine on itaconic acid and subsequent 
replacement of the bromine by hydroxyl, itatartaric acid is 
formed : — 

COHo rCOHo rCOHO 

CH2 J CHa J CH2 

CCCH^)" ^ C(CH2Br)Br ^ C(Cfl2Ho)Ho 

COHo t^^OHo LCOHo 

Itaconic acid. Dibrompjrrotartaric Itatartaric acid. 

acid. 



MALIC OR LACTOID SERIES. 



205 



CHAPTER XXIII. 

THE ACIDS. 

3. MALIO OB LACTOID SEBIE8, 

n*'n^^/nryiT^\ '^ or< CnH2«_iHo. 
C„H2„(COHo) \cOHo 

Several acids belonging to this series are known. The 
most important are tartronic acid and malic acid. Like lactic 
acid, they both contain a semimolecnle of non-oxatylic hy- 
droxyl : — 

H 



r COHo 
Tartronic acid . . . . < CHHo. 

LCOHo 





II I II 

c— c— c 



OHO 



H 



H 



This acid may be regarded as the product of the oxidation 
of glycerin, although it has not yet been so produced. It is 
obtained by the gentle oxidation of tartaric acid (p. 208). 

H 



O 



0=0 



Malic acid 



rCOHo 
j CHHo 
"^ CH2 
COHo 



H— 0— C— H 

I 
H— C— H 



0=0 

I 
O 



H 



Tbis acid is contained in apples and in many other fruits. 
When gently heated with potassic hydiate, hydrogen is 
assic osalato and acetate being produced : — 



rooKo 

J OHHo 
1 OH, 
[OOKo 



rooKo , roH, 

loOKo + \COKo 



I/omalic aoid has the formula 



fOOHo 
J OMeHo 
LoOHo I 



I i 

H— C— H 

1 I I 



iBonialic acid may be viewei as the product of the oxida- 
tion of the hitherto undiscovered butyl gljcerii 



fCH,H 

1 I CJIeE 

LCH,H 



4. TABTABIO OR OLYOXYLOID SEBISS. 
This seriee eoDtains at present only two members ; bnt 
these have numerous iaomera, which hare been studied, 
however, only in the case of the first, Lite the glyoxylic 
series, these acids coutiLiu two semimolcculcs of non-oxatylic 
hydroxyl. 



Tartaric acid . 



Itatartaric acid . 



rCOHo 
JCHHo 

• 1 CHHo" 

[COHo 

rCOHo 
J CH, 
■ ^ C(CHiHo)Ho' 

LCOHo 
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There are four varieties of tartaric acid known, ' 

1. Deitro tartaric or common tartaric acid, so called from 
its {)roperty of causing the plane of polarization of a ray of 
light to rotate to the right, 

2. Lievotartaric acid, which tarns the plane of polarization 
to the left. 

3. Racemic acid, a componnd of equal moleciiles of dextro- 
and ItBvotartaric acids. It is without action upon the polarized 
ray, its two opposite active constituents ncntralizing each 
other. It may be produced artificially by the combination of 
destro- and Itevo -tartaric acid, and may again be resolved 
into them. 

4. True inactive tartaric acid, which doea not affect the 
plane of polarization and cannot be Teaolved into dextro- and 
he vo- tartaric acid. 

All these varieties of tartaric acid poaaesa the same oonati- 
tutional formula : — 

fCOHo 
J CHHo 
1 CHHo- 
LCOHo 

This is a case of what is known as " physical isc 
The causo of this phenomenon has not been satisfactorily 
explained, although attempts have been made ii 
tion. A very important observationj however, apparently! 
bearing directly upon this point, is that all organic componnda 
which act upon the plane of polarized light contain at least 
one so-called asymmeiric carhmi at<mi- — a carbon atom united 
to four dissimilar atoms or groups. A very great number of 
these optically active compounds exhibit this physical iso- 
merism — identity of chemical constitution coupled with dif- 
ference of optical activity. 

Dextrotartoric acid occurs in the juice of the grape. 

By heating argentic dibromosuccinftto with water a mixture 
of inactive tartaric acid and racemic acid is obtained: — 




{COAgo fCOHo 

CHBr + ''"^' ~ ^ CHHo 
COAgo LCOHo 



The racemic acid may l>e separated by crystallization. By 
heating the mother-liqnor containing the inactive tartario 
acid to 175° a portion of this acid is converted into racemic 
Rcid, which may again be aeparated as above. By a repeti- 
tion of these processes the whole of the inactive acid may be 
transformed into racemic acid. 

In order to resolve racemic acid into dextro- and Iebto- 
tartaric acids, it ia converted into Bodic ammonic racemate, 

rCONao 
< pTT-fT ' The solution of this salt deposits two sets of 

LcO(NH.O) 

crystals similar in all other respects, but differing in that one 
hemihedral* face is situated on the right hand in one set of 
crystals and on the left band in the other. These crystals 
may be separated mechanically. The right-handed crystals 
yield dextrotartaric, the left-handed lievotartaric acid. 

By heating ordinary dextrotartaric acid with water to 1.75" 
it ia converted into a mixture of racemic and inactive tarWio 

Seactiofis. — 1. Dextrotartaric acid, when treated witii 
powerful oxidizing agents, gives formic acid. 

2. TJnder the influence of very gentle oxidizing agents, tar- 
tronic acid is formed : — 



COHo 
CHHo 
CHHo 
COHo 



COHo 
CHHo 
COHo 



L 



Dnij hoJftiieir posBiblo 
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3. By the action of hydriodic acid all the varieties of tar- 
taric acid are converteil into auccinic acid (p. 198). 

4. Heated with fused potaaaio hydrate, tartaric acid gives 
potasaic oxalate and acetate, bnt without evolution of hy- 
drogen ; — 

fCOHo 

i CHHo + '*'^° - 1 COKo + \ COKo 
LCOHO 



+ 30H,. 



OTEEB SERIES OF DIBASIC ACIDS. 

There is evidence of the esisfence of other Beriea of dihsaic 

acids, which may he regarded as derivatives of henzene or as 

the hexacarbon representatives of the succinic, furaaric, and 

tartaric series. The following are examples : — 

OH HO 

\\ \ 1 II 

H— 0— C— C 



1 



-0— H 



C.H,.(COHo),. 



H— C- 
H— C- 



H— C— 
I 

C— 

I 
H 



CaHaHoj(COHo)2. (Relative position of the semimoleculeB I 
of non-o!catylic hydroxyl unknown.) 

TMrtrofhthUlc add (naiactirlioii-tanaiic aedaa). 

O 



C.H„(COHo),. 



H— 0— C— C- 
[ 
H— C- 

I 

H— C- 

I 

H 

ihthalfc acid (HetocBrtDD 



-C— C— 0— H 



-H H— C— H 

I 
C— H 
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The tribasic acids all cotitain three semimolecnles of osat^I. 
They may be divided into the following three series, each. 
aeriea being, however, at present only represented by one 

. Trioarballylic or acetoid series : — 

rCHiCCOHo) 

Tricarballylic acid . . .^ CH(COHo) . 



2. Aconitic or acryloid a 



3. Citric or lactoid aeries :- 



LCH,(COHo) 



,JCH(COHo) 
jCfCOHo) . 
tCH-.(COHo) 



rCH,(COHo) 

Citric acid I CHo(COHo). 

LCH,(COHo) 

TricariaUylii: acid is trihydric. It is obtained from j 
cerin by replacing the hydroxyl in the latter by cyanogen, 
and then acting npon the tricyanhydrin, bo formed, by 
potosaic bydrate : — 

rOH,(CN'") fCH,(COKo) 

■> CH(CN'") + 3KHo + 30H, = J CH(COKo) + 3NH,. 
tOH,(CN"') |.CH,(COKo) 

Tiicyui- PoEutic WaiEr. Fouraic tiicarl)- AmmOBlK, 

bydrin. hydnle. allflnu. 

AwMtie acid (equisetic acid, cUridic add) is also trihydric. 
It is foand in the roots and leaves of monkshood, and may 
also be obtained by heating citric acid. Aconitic acid is also 
prodnced by the action of liydrobromic acid npon citric acid^ 
the reaction faking place in the two following stages : — - 



acid, I 
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rCH,(COHo) 
J. CHo(COHo) 
LCH,(COHo) 



rCH=fCOHo) 
^ CHr(COHo) + OHii 
iCH,(COHo) 

FromntricarballjUc acLd. Walsr. 



f CHi(COHo) „rCH(COHo} 

I CBr(COHo) = jOCCOHa) + HBr. 
{ CH,(COHo) t CH~(COHo} 



Heated to 160', aconitic acid i 



converted into itoconic 



rCOHo 
J CMe" 
1 CH, 
[COHo 






Cltria acid is tetrahjdric, and contains, therefore, like lactio 
acid, one semimolecule of non-oxatylic hydroxyl. It ia fonnd 
in the free state in oranges, lemons, citrons, and many other 
fmits, also in the potato and the onion. 

It has been prepared artificially by the following series of 
reactions. a-Dichlorhydrin, from glycerin, is converted by 
oxidation into symmetrical dichloracetone : — 

rCH,Cl fCHiCl 

{ CHHo + = < CO + OH,. 

L CH,C1 L CH,C1 

Dichloracetone yields by treatment with concentrated hydro- 
(^anic acid dichloracetone-cyanhydrate ; — 

fCH,Cl fCHsCi 

^ CO + CNH = { CHo(CN), 

tCH.Cl LCH.Cl 



By the action of hydrochloric acid, the cyanogen group is 
■onverted into oxatjl, yielding the corresponding acid; — 



i CHo(CN) 
LCH,C1 



rcH.ci 

I CHo(COHo) 
[CH.Cl 



The potassmm salt of this acid is then heated with b, solii- 
tiori of potaHsic cyanide, hy which meana the chlorine is 
replaced by cyanogen : — 

i CHofCOKo) + 2K(CN) = 4 CHoCCOKo) + 2KC1. 
LCHiCl LCH.(CN) 



This cyano-acid, when treated with hydrochloric acid, yields 



r CHACON) 
i CHo(COHo) 
l.CHj(CN) 



rCHi(COHo) 

40H, = <^ CHo{COHo) + 2NH,. 

LCHjfCOHo) 



Imtrrio s 



By the graduated application of heat, citric acid yields 
aconitic, itaconic, and citraconic acida. At the earlier fitage 
of the decomposition it also yields acetone. Heated with 
fnsed potassic hydrate it gives potaaaic oxalate and ace- 
tate : — 



r COKo , 
t COKo ^ 



citric acid is traoB- 



fCH<COHo) 
4. CHo(COHo) +4KHo= 
tCH,(COHo) 

ntrlc Add. Fotu^ FntasHc: 

hydiste. Qislulb' 

By beinff heated with hydriodic 
formed into trirarballylic acid : — 

rCH,(COHo) rCKitCOHo) 

< CHo(COHo) + 2HI = J. CH(COHo) + OH^ -I- L 
|.CH,(0OHo) [ CH,{COHo) 

I. rriq»rti»njiic Kia. wuut. 

Desoaialio acid is olosoly connected with citric acid; it ii 
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hexahjdric, and maj be regarded as citric acid in which two 
atoms of non-oxatylic hydrogen have been replaced by hy- 
droxyl. Its constitational formula is probably 

r CHHo(COHo) 

^ CHo(COHo) . 

LCHHo(COHo) 

It is obtained from the product of the action of sodium upon 
oxalic ether. 



TETBABASIG AND EEXABASIG ACIDS. 

Pyromellitic acid (C6H2(COHo)4) and mellitic acid 
(C6(COHo)6) are instances of acids of these degrees of 
basicity belonging to the benzene series ; and it can scarcely 
be doubted that an intermediate pentabasic acid will be found 
to exist. It might be obtained by the oxidation of penta- 
miethyl benzene, which has been prepared. The following 
graphic formula of mellitic acid shows the relation of this 
acid to benzene, and indicates the constitutional formulsB of 
the other acids built upon the same type and mentioned 
below : — 

Mellitic acid. 

o 

H— 0— C— C=C-G— 0— H 





II 





II 



H— 0— C— U C— C— 0— H 
H— 0— C— C— C— C— — H 



O O 

Five out of the six possible acids thus related to benzene 
are now known. Their names and formulae are given in the 
following table : — 
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Benzoic acid C(Ht(COEa). 

Phthalic add (1:2) l 

laophtlialic acid (1:3) S C,H,(COHo)» 

Terephthalic acid (I : 4j J 

Trinielliric add (1:2:4) "1 

Trimesic acid (1 ; 3 : 5) V C,H,(COHoV 

Hemimellitic acid (1:2: 3). . J 
Pjromellitic acid "1 , ... » 

S^^a:::::::;:;;: }SSS }<=*<— )•■ 

Unknown acid C.H(COHo)i. 

McUitic add C.(COHo).. 
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THE ANMTDRIDES. 



The anhydrides are oomponnda obtained from tbe acids by 
the abstraction of the hydrogen of their hydrouyl, tt^ether 
with HofEcient osypen to form water. 

For every two atoms of hydrogen and one of osygen thns 
ateti-acted from hydroxy!, there will obviously rein^n one 
atom of oxygen, which, an a dyad element, exactly satisGea 
the two bonds vacated by the hydroiyl : — 

2Ho = OH, + 0". 

On this account, two molcculea of a monohydric aci^ an 
required to form one molecule of anhydride, thus :— 



fCMeO 
2CMeOHo = ^ 

[CMeO 



The anhydrides of those monobaBlc and dibasic acids which 1 



which 1 



ANHYDRIDES OF THE MONOBASIC ACIDS. 

contain one and two semi molccn lea of hydroiyl have alone I 
been inveati gated. 

They may be divided into the following claasea :— 



.. Anhydridea of the 
aionohydfic raono- 



CO 



CO 

C„Ha„^, 



CO 

a <^ o 

CO 

I 



rccc„H... 

2. Anhydridea of the CO 
dihydric monobasic < 

acids I C(C«n.„. 

LCO 

3. Anhydridea of the TOO — -, 
dihydric dibasic-^ C,.Hs„ U. 
acids I CO—" 



1. ANSYDBIDES OF TEW MONOUYDRIO 
MONOBASIC ACIDS. 

These are known only in the acetic and benzoic series. 

They bear the same relation to the acids from which they 
are derived as that borne by the ethera to the alcohols. 

The roaidnea of different acida unite to form mixed anhy- 
drides analogDoa to tho mixed ethera. Aoeto-benzoio anhy- 
dride is a body of this class. 

Formation. — By the action of the chloracida, or ao-calledj 
chlorides of the monad negative radicals, on the potaasic salts J 
of ihe acids : — 



C(C,H,„^.0OKo + CCC„H,„+,)OCl 



rC(C„H«+ 
[C(C„H,„+ 



)0 



+ KC1. 



Bencti'jn. — In contact m 
the corresponding acids :— 



rater they are converted intaf 
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H 


= 2C(aH„+0OHo. ^H 


^^1 


^^^H Anhydride. Wswr. 




^^H The followiog is a, list of the anhydrides belonging to tlu^ 


^^^Hfgltigg 






FMing- BoOIng- 




polal. polBL 


^^^■tUetic anhydJ-ide 4o 


ro{CH^o 

Jo - ISff 
Lo(CII,)0 


^^H rcsto 

^^^■-fropiumc anhvdrldD ... J 
LcEtO 


Jo — 165 


fOPrO 

Butjrie anbjdride io 

IcPrO 


fO(C3H-)0 

J — about 190 

lOlCjHjjO 


roBuO 

Valeric anbjdride <0 

LoBuO 


1 0(C^Hb)0 

Jo - about 215 
LC(C,H,)0 


rcAjo 

Caprolo anlijdridB \o 


Jo - - 
I C(CsEu)0 


fOCpO 
CEoautbvUo anhydride., i 


J 43^ 310 
l.C(C,Hi3)0 


^^^H Bessoic aiiliydrlde < 




42 360 


^H Lc(CeI],)0 




^^H r CMeO 






^^m lo(C,U,)0 




^^H ro(au,oo 

^^^B Csprrlic onliydride , i 




bolow about 290 


^H lo(C,H,.)0 




^^^^H Pelnrgonlc anlitdride . . -< O 
^H lc(C»lI,,)0 




+5 — 




rc(c,sH3,)o 

Palmilieatilivdrido..,. Jo 

[0(C„Us,)0 




^^M 


■ 


3. ANHYDRIDES OF THE DIHYDEIC ^^ 


JlfO..VO.BJSJC 


ACIDS. 




acid, thus: — 


_ ^ 




^^^^^■^^^H 
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f CMeH-i 

ICOHo rCMeH 

ICO 



Lactic add. Lactide Water. 

(Lactic anhydride). 

Reaction. — ^Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived : — 

r CMeH-j 

^o"" i + 20H. = 2|g^gHo 
f CMeH I I- °"^° 

too ' 

Lactide. Water. Lactic acid. 

These anhydrides are formed from two molecules of acid 
and are known by the generic name of lactldes. There is, 
however, a second class of anhydrides of the dihydric mono- 
basic acids, formed from one molecule of acid, and known as 
lactones. As far as has yet been observed, it appears to be 
necessary to the formation of a lactone, that in the acid the 
semimolecules of oxatylic and non-oxatylic hydroxyl should 
be attached to two carbon atoms which are separated by two 
intermediate carbon atoms. An acid of this description does 
not seem to be capable of existing in the free state, for, as 
soon as it is liberated from its salts, it splits off the elements 
of water, yielding a lactone. This is the case with y-oxy- 
caproic acid : — 

rCMeaHo rCMe^-^ 

<SS* = ^S5^0 4- OH,. 



ICH, 
LCOHo 



CHa , 

CO— 1 



Y-Oxycaproic Lactone of Water, 

acid. y-oxycaproic acid. 

The lactones are much more volatile than the lac tides. 

They cannot be reconverted into their acids by boiling with 

^ter: for this purpose the action of caustic alkalies is 
Necessary. 
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3. ANHYDRIDES OF THE DISYDRIO 
DIBASIC ACIDS. 

Formation. — By the action of heat, or o£ substancea hanng 
a strong affiaity for water, upon the dihjdric dibasic acids 
(see p. 192):- 

rcoHo fco — I 

J C,H. = J C-H, 

I.C0H0 Leo—* 

Suodulc Suixinic 

BCld. SDhydride. 

Jteaetion. — Like the anhydrides of the first and second 
clasaeB, they miite with water, reproducing the acids from 
which they were derived. 



OH,. 



cids I 



CHAPTER XXVI. 



TsE ketoneg are deriYeil from the fatty acids by the substitu- 
tion of the hydrosjl of the latter by a monad positive radical; 
they thus resemble the aldehydes in constitution: — 

rCH, rcHs rCHs 

\COH:o- \C0H' ICOMe- 



The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus : — 



By the action of nascent hydrogen upon the ketones, they 
are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield normal alcohols : — 



FORMAnoN OF THE KETONES. 



rcH, , TT - /CH3 

\COMe + ■"« - ICMeHHo- 



Ketones, anlike aldehydes, do not oxidize spontaneoaely j 
neither do theyrednce ammoniacal aolntion of argentic 01 

Take aldehydes, many of them combine with hydi'ic potaaaio 
or hjdric sodic aulpliitc. This reaction is confined to thoBO 1 
ketones whicli contain at least one semimolectile of methjla 
directly united to the CO group. 

Formation.— 1, By the action of the zinc compounds of the* 
positive monad radicals upon chloracida : — 

CUondd. Ziac companni!. Kiiiune. ^1 

cbln 

2. By the action of sodic ethide and its homologues on- 
bonic oxide : — - 

CO + 2Na(C„H„+,) = {c(5aHi„+,) + ^ 



Jy the distillation of the salts of the fatty acids : — 



4. By distilling together salts of two different fatty acids, 
ketones containing two different positive radicals are ob- 
tained :— 



fCEtH, , /CHi „ (CKtH, 
\COKo ■*" \COKo ~ tCOMe 



6. Numerous ketones may also bo produced by the follow- 
ing' series of reactions: — 

It Iiaa been already mentioned (p. 151), that when. tvaaAai 



M 
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with concentrated alcoholic pataah, ethylic ethice to- acetate 
yields a mixtnce oJ acetate and butyrate, whilst ethylic dieth- 
aueto -acetate is coaverted into a mixture of acetate and 
diethacetate. Iii this process, which is known as acid saponi- 
fication, the separation of the carbon chain occurs chiefly ftt 
the point iadicated by the dotted line : — 

__ rOOMe fCOMe 

T'CEtH """" ^ CEb, '". 

LOOEto LCOEto 

If, however, an aqueous solution of baric hydrate be snb- 
stitnted for the alcoholic potash, the separation takes place 

fCOMe rCOMe 

■^ CEtH ^ CEt, 

LCOEto LCOBto """ 

and a mixture Qf a ketone and a carbonate is tho result. This 
procesa is termed hetmdc saponification : — 



rCOMe 



rCOMe 

J CErH + BaHo, = { '^^'^ + COBao" + EtHo. 
[COEto 



fCOMe rrrvM 

J CEt. + BaHo, = X^.^^ + COBao" + EtHo. 
LcOEto LC-tt^U 

Elhjlii: Batic Dicthyliited Baric Ethylie 

6. By the action of zincic ethide on the chlorides obtained 
from the dibasic acids, ketonoa containing dyad radicals are 
produced; thne; — 

Succinylic chloride Bubmitted to the action of zincic ethide 
gives ethylene diethyiic ketone :— 

f COCl r OOEt 

J (C,H.)" + ZnEt, = J (0,E,)" + ZoCl,. 
{ COCl I COBt 

Sncdnjllo ZiT«:lc Ethylene iieUiyl Zincic 
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The following 13 a list of the names, constitutional fonnuleB, 
and boiling-poicts of those ketones which are best known r — 

Boiline-polnt. 

Acetone. (J>!methy! f CK, .^=, 

ketone.) \ COMe '''' 

Methylated acetone. ') p^^ -rj ' 

{Ethylmethpl ^e->C0Me' ^^ I 

rDimethylated ace- f CMe,H „„ - 

.2 tone tCOMe ^^ ^ 

§ S Bthjlated acefone . . < f^niw ' ■'"''■'' 

3 Propione. {DUthylj C'iA.eU., i„i 

[_ hetone.) \ COEt ^^^ 

•2 fMethyl bntjl ketone | qq^^^' 120 

I Ethyl propyl ketone { ^^' 128 

•E Diethylated acetone l nmii 138 i 

1 \ Bytyrone. {Bipropyl f CEtH= ,^ 

The following are esainples of the ketones of the C,H,:,_, 

Benzaphenone I < fjOi'r' H w' ^^^ ketone of benzoic acid, 
is obtained hy heating potasaic benzoate. 
Methyl phenyl ketone or acelopTienone, 

({oO(C.H,)), 
IB prepared by diwtilling' together calcic acetate and henzoaio. 
FLthalylic chloride, treated with zincic ethide, prodncea 
phenylene diethyl ketone : — 

r COCl f COEt I 

i (C,H.)" + ZnEta = { (C,HO" + ZnQ\. 
L con L COBt 

FhlhnlYlic Zinaa Pbrnrlcne HI- Zindo I 

iitilorlile. eltalAe. eUijLkilaae. chloride. 
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CHAPTER XXVII. 



These co 
acida. 
The ai 

The haloi 



ipoaods correspond to the metallic oxysalts of the 



ids from which they are derived may be either 
:■ organii: ; but the base must always be orgamc. 
I ethereal salts are esclnded from this family; thev 

hare been already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 

those employed for the preparation of metallic sa 



fCSa 
\COHo 



rcHa 

iCOHo 



+ KHo 






/OH, 
ICOKo 



rCH, 
\COEto 



OH,. 



i 



But as the hydrates of the orgamc radicals do not act upon 
acids BO energetically as potasaic hydrate, it is often advisable 
either to employ some dehydrating agent along with the 
mixture of alcohol and acid, or to resort to one of the follow- 
ing indirect methods : — 

1. Action of a sulpho-acid of the radical upon an alkaline 
salt of the acid : — 



SO.Ho(C„H,„+,0) 



ICOKo ~ iC0(aHj,+,O) 



2. Action oE a haloid ether of the radical n 
r silver salt of the acid : — 



ETHE!!EAL SALTS. 
ICOAgo ~- l_C0(C»H„t,O) 

Silver nit. Ethereal aalL AFjrenth] 



O.H«.+iI 

Iodide Dl 

3. Action of the chloracida on the alcohols 



Agl. 



tCO(C,.H,„^,0) 



i. By the action of the anhydrides of the i 
aleoliole : — 



rc(c«H«>+, 

3,H„*,Ho + ^ 



)0 



''ICOCaH^^.O)^ 



This last reaction is gi-eatlj aided by the presence of a small 
quantity of zincic chloride, which acts as a dehydrating 
agent. In this form it is suited for the preparation of the 
ethereal salts of the polyhydric alcohols. 

Monobasic acids form only one ethereal salt with eaoh 
moiiohydric alcohol ; and this salt is alvrays normal. 

With dihydric alcohols they each form two ethereal aali 
and with tritydric alcohols three ethereal salts. These a 
also normal. Tbns with acetic acid we have: — 

Acetic salt of a monohydric alcohol: — 
rCHs 
\ COEto- 

Acetic salts of a dihydric alcohol : — 

fCH,Ho fGH,-0-CMeO 

I CH,-0-CMeO- \ CH,.0-CMeO' 



Acetic salts of a trihydric alcohol :— 
)-CMeO 



l_CH.j-0-CMeO 



fCH,-0- 
J, CHHo 



rCH,-0-CMeO 
■{ CH-0-CMeO. 
CMeO LCHi-0-CMeO 
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Dibasic acids form, with monohydric alcohol a, two aeri 
ethereal salts r — 

1. Acid ethereal salts, aa: — 

rCOEto 

Succinothylic acid < CgHt . 

LcOHo 

2. Norniftl ethoreal ealts, as : — 

rcoEto 

Ethylic eaccinate < C^H, . 

LCOEto 

In the same manner, tribaaic acids form with monohydric 
alcoliola three serieH of ethereal salts, the first two of which are 
acid, and the third normal. 

Prolonged contact with water generally decomposes ethereal 
aalts, hberating the radicals of the bases In the form of alco- 
hols :— 



SOiMeo. + 


20H, 


= SOiHo, 


+ 


2MeHo. 


MMhylic 


W>Mr. 


Snlphurlc 




MpthTlic 













Ebullition with potassic hydrate, especially when the latteris 
dissolved in alcohol, effects this transformation very speedily: — 



fCH, 

jCOEto "*■ ^°° == \COKo 



-{ 



KHo = ni^^„ + EtHo. 
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ORGiHIO COMPOUNDS COSTilNINO TEIAD AND PENTAD NITROGBM 
OR THEIR ASALOODES. 

This numeronB family may be divided into two great clasaea : — 

1. Compounds of triad nitrogen, phosphoms, arsenic, anti- 
mony, and bismath. 

2. Componnds of pentad nitrogen, phosphorns, arsenic, anti- 
mony, and bismuth. i 



MONAMINES. 



I. COMPOUNDS OF TBIAB NITROGEN AND OF 

ITS ANALOGUES. 
Thia class may be again aubdivided as followa : — 





PositiTO. 




Neutral. 


Negati™. 


1. 


Amines. 


1. 


Amides. 


1. Imtdcs and 


2. 


Pbospbinea. 


2. 


Alkalamidea. 


nitrides of 


3. 


Arsines. 


3. 


Trichlorinated and 
trihromiuated amines 


negative 
radicals. 


4. 


Stibines. 


4 


Haloid compounds 




5. 


Bismnthines. 




of osybases. 




6. 


Oxy bases. 









Of these the Amines and Amides are the most important. 

PosrciTH Section, 
1, THE AMINES. 
The Amines are commonly termed organic basea or artificial I 
aUcatoids; they are divided into — - 

A. MonamincB. 

B. Diamines. 

C. Triamines. 

D. TetramineB. 
The tetramines have been but little investigated. 

A. M0NAMINE8. 
There are three kinds of 

a. Primary 
^. Secondary 
7. Tertiary 



a. Primary Mc 

Methyl or C„Hi«+i series. . 
Allyl or C„H=,-. series . . 
Phenyl or C„Hj„_, series 

TOZ. Jl. 



Gcnonil fonnulie. 
N(C„Hi.+,)H,. 
N(C„H,,_,)Hj. 



J 



L 
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Formation. — 1. By the rednction of the nitro-substitation 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, amnionic salphide, zinc and sulphuric acid, 
or iron and acetic acid : — 

N(C,Hs)0, + 3SH, = N(CsHi)H, + 20H, + 3S. 

2. By treating cyanic ethers with boiling solntion of potassic 
hydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potaasic hydrate r — 

CN"'Ho + 2KHo = GOKo, + NH,. 
CN"'"Eto + 2KHo = COKo, + NEtl 

KihfUc Fotagsic FnluiEiic GlliyluiilBI 

3. By the action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed:— 

NHs + Btl = NEtHJ. 

Amnumui. Etbjlic EtbflammoDlc 

NEtHJ + KHo = NEtH, + KI + OH,. 

Ethjlamnwnle Polaaiiir Ethjlaminp. Potusali: Waltr. 

The following are a few of the primary monaminea : — 

Methylaminc NMeH, or N(CH,)H.. 

Ethylamine NEtH^ or N(CjHOH,. 

Batylamioe NBuH, or N(C.H,)H,. 

Amylamine NAyH, or K(C,H„)Hi. 

Allylamine NAllH, or K(C,HOH,. 

Phenylamino {AniUm) NPhH., or N(C,HOH,. 

Tolylamine (Tohudine) NToH, or N(C,H.lIe)H,. 

throo isomera, oi'tlio, 

meta, and para. 

Beuzylamine NBzH, or N(OPhHi)H,. 



\ 
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Eencii'otu.-- Treated with nitrrras acid, they evolve nitrogen 
and yield the coiresponding alcohols : — 

NEtH, + NOHo = EtHo + N, + OH^. 

EUijlwnme. Nimiiiasda. Rltarllc WstcT. 

nlcolio]. I 

In the case of the amines of the phenyl series in which tfas 
nitrogen is directly united to the benzene nuclens, inter- 
mediate diazo-compounds are formed by the Botion of nitrous 
acid (see p. 68). 

;3. Secondari/ Monawine^. 

Qenernl formnlie. 

Methyl or C,Hi.„^, series N(C.H,;,^,)=H. 

Allyl or C„H„_i series N(C„H,,_,)2H. 

Phenyl or C„H»_, Series N(C„H,„_,)2H. 

The secondary monamines are derived from ammonia by the ' 
replacement of two atoms of hydrogen by monad positivB i 
radicals. They are sometimes called Imidogen bases. 

FoTTnalion.^Bj the action of the haloid compounds of the ' 
monad positive radicals on the primary monamines, and sab- 
Beqaent treatment with potassic hydrate : — 

NEtHj + EtI = NEtjHJ. ' 

EUijIamine. Ettarllc Dlsttarlimmonle 

iodide. lodlHii. 

NEtsHJ -h KHo = NBt,H + KI + OH,. 

DietbTlumnDnIc FDUiEcic DleUiyliimlDe, Potuslc Waier, 

By nsing the iodide of a radical different from that already 
contained in the primary monamine, secondary monamines 
may be formed containing two different radicals, thns ; — 

NPhH, + EtI = NEtPhHJ. 

Phenyl amine. Ethylio ElbjlpbirrlBininonlo 

NEtPbH,! + KHo = NEtPbH + KI + OH,. 

EHirl^enj-lBia- Poiaasic Etlijlphcnylamlnc, PtilanniQ Wnter. 

Ojoilic iorllde. ll;draW. (KUiJIaliUlue.) ludWe. 
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The following are osanipIeH of secondary monaminea : — 

Dimethylamine NMe.H or N(CH,).H. 

Diethjlamine NEt^H or NfC~H5),H. 

Diptenylamine NPli,H or NCCsHOtH. 

MBthyletliylaraine . . . . NMeEtH or N(CH,)(C,HOH. 

Dibntylamine NBa^H or N(C4H,)jH. 

Ethylamylamine NEtAyH or N(C,H,)(C.H,OH. 

Methylphenylamine .. NMePhH or N(CH.)(CsH,)H. 
Ethylphenylamine. . . . NEtPhH or NCC,H,)(CA)H. 

Piperirtme N(CsH.„)"H. 

Conine N(CaH,.)"H. 

Piperidine is obtained from piperin, CiiHi.NOj, the active 
principle of pepper. It has the constitutioti — 
H H 



:x 



>c<. 



I 

H 

It yields on oxidation pyridine, N(CiHj)"' (see p. 231). 
Conine is fonnd in tte juiee of the hemlock (Coiit'um mac"- 
Ifitmn). Ite constitntion is — 
H H H 

H— 0— C— C— C^ 

I I I 



i I I 
H— 0— C— C- 



N— H. 
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It yields on oxidation batjric acid. 

HeacHon of Secondary Mbnamines, — With nitrons acid, the 
leoondary monamines yield nitroflaminea : — 

N(C2H5)2H + NOHo = N(C»H,)i^NO; -r OH. 

BieUiylamine. Nitrons acid. Ditthy^nar-tw '•**. . Wmut. 

NMePhH + NOHo = NMePhrXO; -r OH, 

llethylaailine. Kitrootmdd. lUithjl^benjlz^srotuaiat. Wiser. 

7. Tertiary Monamines. 

Formation. — ^1. By acting upon the secondary monamines 
with the iodides of the monad positive radicals, and subse- 
quently treating the product with potassic hvdrate : — 

NEt^H + EtI = NEt^m. 

DietbyUunine. EthyUc Trieihylamiiionic 

iodiide. iodide. 

NEtsHI 4- KHo = NEt, -h KI + OH*. 

Triethylaminonic Potassic Triethylamine. Potassic Water. 

iodide. hydrate. iodide. 

By varying the radicals, tertiary monamines with several 
<iifferent radicals may be formed. The following are a few of 
the known tertiary monamines : — 

Trimethylamine. . . . NMcj or N(CH3)8. 

Triethylamine .... NEtj or N(C2H5)3. 

Tributylamine .... NBu, or N(C4H9)j. 

Triamylamine NAy, or N(C5Hii)3. 

Triphenylamine .... NPh» or N(C6H6)3. 

Dimethylphenyl- 
amine NMe,Ph or N(CH3)2(C»H5). 

Methyl-ethyl-phenyl- 

amine NMeEtPh or NCCHjXC^HsXCeHs). 

Pyridine NCC.H,)"'. 

Picoline N(C«H7) 

Lntidine NCCtH,)'". 

CoDidine NCCsHn)' 

Parvoline N(C»Hi3)' 

QainoHne N(C8H7)' 



« 

I'". 



4 

OTT- I 
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2. When phenylammonic chloride (aniline hydpochJorate) i 
and niethylic alcohol are digesttd together at from 
aOO°, the non-phenjlic hydrogen becomes replaced by methyl, 

NPhHjCl + MeHo = NPhMeH^Cl + O] 

Htanniilainiiioalc Uelb^Uc Uethylphruj'laminDaic 

NPhMeH,01 + MeHo = HPbMeiHCl 

MetbjrljihenfluDmoc^o MethyUo DlmiitLflpliiiiijIaniTDOiiJc 

By continning the digestion longer, the phenylic hydrogen u 
also I'Oplaced by methyl according to the foUo wing reaction.; — 

NCC,H»)Me2HCi + it 

Dimethyl (jhtnylmnratmic Alfi 

By these reactions the following tertiary monamines liave 
been prodnced: — 

Dimethylaniline N(C,H,)Me,. 

Dimethyholnidine N(C6H.Me)Me». J 

Diniethylijlldine N(C6H3Mej)M 

Dimethylcnmidine N(C6H,Me])Me» 

- Dimethylcymidine N(05HMe.)Me,. i 

Hep tame thy laniline N(C5lIei)Mej. 

Tertiary monamines, when acted upon by the iodides of 
monad positive radicals, yield iodides which are not decom* 
posed by potassic hydrate. In this manner tertiary mona- 
mines may be distingaished from primary and aecondaiy 
monanunes. The three may be distinguished from each other 
by the alternate action of ethylic iodide and potaasic hydrate : 
thns, as we have jnst seen, tertiary monamines are recognized 
by producing immediately iodides which are not decomposed 
by potassic hydrate ; a secondary monamine, however, pro- 
duces an iodide decompoaable by potassic hydrate ; bat the 
base thns liberated is tertiary, and will therefore be trans, 
formed immediately into the stable iodide by a second appli- 



nines liave I 
)Me,. ^M 
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catioii of ethylic iodide. A primary monamine requires three 
applications of ethylic iodide and potassic hydrate to produce 
the same result. 

Meaction, — 1. When tertiary amines containing a semi- 
molecole of phenyl directly united to nitrogen are treated 
with nitrous acid, the nitroso-group (NO) replaces an atom 
of phenylic hydrogen : — 

N(CH3)2(CeH5) + NOHo = N(CH3)a[C6H4(NO)] + OH^. 

Dimethyianilme. Nitrons acid. Paranitroso-dimethyl- Water. 

aniline. 

Paranitroso-dimethylaniline, when heated with dilute caustic 
soda, yields dimethylamine and a sodium salt of paranitroso- 
phenol : — 

N(CH3)2[C6H4(NO)] + HNao = N(CH3)2H 

Paranitroso-dimetbyl- Sodic Dimethyl- 

aniline, hydrate. amine. 

+ C6H4(NO)Nao. 

Sodic para- 
nitroso-phsnylate. 

Pyridine Bases. — The five bases, pyridine, picoline, lutidine, 
collidine, and parvoline, are formed in the destructive distil- 
^fcion of nitrogenous organic matters. They occur in coal- 
er, and in still larger quantity in bone oil. During the last 
few years they have acquired a very great interest, owing to 
the discovery that a number of the natural alkaloids (see 
p» 242) are derived from these bases and from those of the 
allied quinoline series (p. 232). The constitution of pyridine 
is represented by the following graphic formula : — 

H 



H— C C— H 



H— C C— H 

Pyridine. 
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It is in fact benzene, in wMch one triad group, CH, has 

been replaced by N. Its relations to piperine have already 
been described (p. 228). On the assamption, already made in 
Ibe case of bonzene, that in a closed chain the influence of 
double and sing-le bonds on the formation of isomers dlsap- 
peara (p. 63), it ia evident that pyridine onght to yield three 
mouosnbstitution derivatives according as the replaced hydro- 
gen atom ie once, twice, or thrice removed from the nitrogen 
atom. As a fact three isameric picoUnes, or methyl pyri- 
dines, are known, bnt the position of the methyl gronp in 
these three compoands has not been ascertained. It is pro- 
bable that the higher homolognes, Intidine, collidine, and par- 
voline, are di-, tri-, and tetra-methjt derivatives of pyridine, 
inaamnch as, on the analogy of the beozene series, no sabsti- 
tntion compounds with substituted C„Hi„4.i radicals higher 
than methyl appear to be contained in coal-tar. The follow- 
ing are some of the natnral alkaloids from which pyridine 
has been obtained : quinine, cinchonine, nicotine, and berbe- 
rineCseep.242). 

QwinoUne Bases. — Qninoline, N(CjHi)"', is formed when 
quinine, cinchonine, strychnine, and some other bases are 
distilled with potassic hydrate. It possesses the constitution — 



H 



H 



Quinoline. 

and stands in the same relation to pyridinf 
benzene (see pp. 6-4 and 71). 

It may also be prepared in the following manner : — By tha 
action of acrole'iu on aniline, acroleiu-anlliue is formed ■.~- 
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+ N(C.H.)H, = |gg + 

"{n(C.H,) 

Aniline. Acroleln-aniline. 



OH.. 



AcnitSn. Aniline. Acroleln-aniline. Water. 

On distillation, acrolein-aniline splits np into quinoline and 
hydrogen — 



CHa 
OH 

NCCeHO 

Acn^in-aniline. 



// 



// 



/,/OH-i 
CH A „ 
CH V' * 

"\n ' 



+ Hj. 



Quinoline. 

Other syntheses of quinoline are known, which leave no 
room for doubt as to its constitution. 

On oxidation it yields dicarbopyridic acid — 

H 

I O 

/\ II 
H— C—C— O—H 

I II 
H— C C— C— 0— H 

^ o 

Dicarbopyridic acid. 

a reaction corresponding to the formation of phthalic acid 
from naphtbalene (p. 71). And just as phthalic acid when 
distilled with excess of caustic lime yields benzene (p. 64) , so 
dicarbopyridic acid yields under the same circumstances 
pyridine : — 



N[C,H3(COHo)2]'" + 2CaO = N(C,K,)"' + 2COCao". 

Lime. Pyridine. Calcic 

carbonate. 



Dicarbopyridic 
add. 



The following homologues of quinoline are known : — 

Lepidine *. N(CioH9)' 

Cryptidine N(C,iHii)' 



,'// 



,/'/ 
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B. DIAMmES. 

Formation. — The diaminea are formed by coupling togeilier 
two atojns of nitrogen in two molecules of ammonia, o 
a primary or secondary mocamiue, by a dyad radical, ■which 
at the sam.e time takes tke place of two atoms of hydrogen; 



fNH. 
2 Bt" . 



fNH fN 

J Et",. { Et", 

[NH I.N 



fNEt" 

: J Et" , 

iNEt" 



This reaction ia effected by treating ammonia or & primary 
or secondary monamiue with the haloid salt (preferably a 
bromide) of the dyad radical, thus : — 

rNH,Br H 

2NH3 + Ef'Bri = { Et" ^1 

iNH.Br ■ 

Ammonia. Elhylonic EthjIene-dlBjiuniiiiic ^^ 

When the salts of ethylene diammonium ai'e decomposed 
by potassic hydrate, an oxide of the compound nitrogonoDS 
radical ia produced, thna : — 

rHHjBr fNHa-, 

<, Et" + 2KHo = { W + OH. + 2KBr. 

[NHsBr iNHj-' 

In this respect most of the diamines differ from the mon- 

Urea and its derivatives belong to the class of diamines. 

These compounds are produced by boiling a solution of 
aramonic cyanate or ethyl nmmonic cjanate, or a homologue of 
the latter. In these componnda, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO : — 



UREA. 
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fNH, 


CN"'(N^HiO) 


= .^CO . 

Inh, 


Ammonic cyanate. 


Urea. 




fNHEt 


CN'^CN^FitHaO) = 


: <^C0 . 


ICthyl-ammonic 
cyanate. 


Ktbyl urea. 



By heating ammonic carbonate to 130 — 140** in closed 
vessels for a few hours, urea is produced : — 

fNH, 
COCNHiO), = ^ CO + 20Hj. 

LNH, 

Ammonic carbonate. Urea. Water. 

Ureas in which ethyl and other monad positive radicals are 
substituted for hydrogen may also be obtained by the action 
of ammonia or a monamine on the cyanic ethers, thus : — 

fNHEt 
CN'"Eto + NH3 = <^ CO . 

LNH, 

Ethylic Ammonia. Ethyl urea, 

cyanate. 

fNHEt 
CN^'Eto + NH^Et = <^ CO . 

[NHEt 

Ethylic Ethylamine. Diethyl urea, 

cyanate. 

Meaction. — Urea is decomposed by nitrous anhydride : — 

fNH, 
^00 + NA = CO2 + 2N, + 20Hj. 

Urea. Nitrous Carbonic Water, 

anhydride. anhydride. 

The following is a list of the best known diamines : — 

j-NH, 
Ethylene diamine < Et" . 
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rNHEt 
Ethjlune dietbyl diamine J^ Et" 

[NHEt 

fNH, 
Urea ^ CO . 

LNHj 

rNH, 

Sulphnr urea J CS". 

LNH, 
fNHEfc 

Ethyl urea < CO . 

rNHPh 

Suiphophenylnrea < CS" . 

Sydrazinei.- — The hydrazines are a pecnliar class of di- 
amines, in which the two atoms of nitrogen are directlf 

united. They are derived from amidogen, i wtj'i ^7 ^^ 
Bnbstitation of a hydrocarbon radical for one or more of the 
1 pkenylhjdraeine, I jjtt , diethyl- 
) HH " •^"^''i''g^° itself has not been prepared. 
The primary hydrazines are obtained by acting on salts of 
diazo-compoiinda with an alkaUne sulphite, and decomposing 
■with hydrochloric acid the compound thns formed : — 



hydrogen atoms, as i 



"{ 



NPh 

N(ONO,) 



+ 230Eo, 



OH, : 



fNPhH 
\KH(SO,Ko) 



; HPhH 
^NHCSOsEo) 

FotanlD phenjl- 



+ OH, + HCl - 



/HPhH 

LNH,CI 

Phonyllijilni- Bjdrii 



'S-jfld 
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By treating phenylhydrazonic chloride with an alkali, thej 
&ee baae is obtained. 

Secondary hydrazines may be prepared by redncing tlie 
nitrosaminea (p. 223) with zinc-dust and acetic acid ; — 

LNH, 



/NEt, 
I NO 



2H, = 



OHj. 



C. THIAMINES. 
To tbifl claas of organic bases belonj^ many of the aniline 1 
oolonrs and their derivatives. Mauveine was the first dis- | 
covered of these bodies ; it is obtained by the action of con- 
centrated snlphnric acid and red potassic cbromate upon | 
aniline. It is also produced by heating the colonred prodnot 
obtained by the action of a solution of bleaching powder 
aniliiie. The molecnlar formula of n 



It is probably a tfltramine, with the constitution shown in 
the following formula : — 

NjCC,H,)",(C,H,)",H.. 

A. lai^e and important class of colonring-matters is the ro~ 
sanJMne group, consisting of triamines derived from triphenyl- 
methane (triphfrmjl methylio hydride, p. 96), C(C6H,)3H. The j 
simplest member of this group is pararosuniline — 

rC[CaHi(NHO]=(C,H.)" 

tNH • 

PararoaaniUno may be obtained by treating a mixture of 1 
onemolecnle of paratoini dine and two molecnlea of aniline I 
with a weak oxidizing agent such as arsenic acid : — 
C^(CH3)(NHa) + 2G.H,(NH0 + 30 
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It may also be prepared from triphenylmetliane in a way 
whicli throws a clear light npon its constitntion. Triphenyl- 
methane yields with concentrated nitric acid (see p. 63) tri- 
nitrotriphenylmethane — 

O[C.H«(NO03],H, 

which is converted by oxidation into trinitrotriphenyl car- 
binol — 

C[C6H4(N02)8]3HO. 

When this componnd is snbjected to the action of nascent 
hydrogen (from zinc and acetic acid), the nitro-gronps are 
replaced by amidogen (p. 68), yielding triamidotriphenyl 
carbinol — 

C[C6H4(NH0]3Ho. 

This snbstance, however, at the moment of its formation 
spontaneonsly parts with the elements of water — the semi- 
molecule of hydroxyl being eliminated along with one atom 
of amidic hydrogen — and forms pararosaniline : — 

C[CoH4(NH,)],Ho - OH, = |C[ C.H4(NH0].(C .H0" 

Triamidotriphenyl Water. Pararosaniline. 

carbinol. 

A third method of preparing pararosaniline consists in 
heating aniline with carbonic chloride : — 

ecu + 30oH5(NHO = /C[ C.H4(NH,)],(C .H4y'^ ^g^,. 

Carbonic Aniline. Pararosaniline. Hydrochloric 

chloride. acid. 

Ordinary rosaniline, the base of the colouring matter 
magenta, is prepared by the action of arsenic acid on a mix- 
ture of two molecules of toluidine with one of aniline. It 
has the same constitution as pararosaniline, one of the phenj- 
lene groups of the latter being, however, replaced by tolylene, 
(CtHc)" = (CeHsMe)":— 

Pararosaniline. Boaaniline. 
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The reaction is — 



2N(07H7)H2 + N(C6H5)Ha + 30 

Tolnidine. Aniline. 

= N3[C(C.H4)",(C,H.)"]«'H. + 30H,. 

Boeaniline. Water. 

Ordinary rosaniline is obtained from a mixture of aniline 
and toluidine by the action of various other reagents, such as 
carbonic chloride, stannic chloride, mercuric chloride, ferric 
chloride, cupric chloride, the sulphuric and nitric salts of tin 
and mercury, but arsenic acid is almost exclusively employed 
for the technical preparation of the salts of this base. 

One or more of the five atoms of amidic hydrogen in ro- 
saniline may be replaced by positive radicals, and in this way 
other bases, the salts of which constitute valuable colouring 
matters, are produced. 

The following are a few of these bases : — 

Bosaniline, the base of 1 ^^ vnrn tt \" rn tt \'nivTT 
magenta / NsLCCCeHO 2(C7He) J H5. 

"^SofTaSr . ''r } N3[C(CeH.)'',(C.He)'7^PHH. 
""tef Z^^^^o^: ] N3[C(O.H.)".(C,He)'TPh.H3. 
''tt'^^I^Sf ^^^^^^ } N3[C(0eH.)''.(C A)'TPh3H. 

''I^'jof 1^^^^^^^ bt } N3[C(CeH0' WHO'l-ToaH. 

Triethyl rosaniline, the"] 

base of Hofmann'sSN8[C(C6H4)"(C7H6)"]*^Et3H2. 
violet J 

Pentamethyl pararosani- 1 
line, the base of Paris >N3[C(C6H4)"3]*^Me5. 
violet J 

Chrysaniline, Nichol- 1 jr p tt 
son's yellow j ^ ^ "' 

Paraleukaniline N3[C(C6H4)"H]'"H5. 

The phenyl derivatives of rosaniline are produced as salts 
of hydrochloric acid by heating rosaniline hydrochlorate with 
"^ftiious proportions of aniline, thus : — 
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N:rC(C.H,)",(C,H.)"]"a,HCl + NPhH, 

= N.[C(C.H.)",(C,H.)"]"PliH„HCI + NH,. 

N,[C(0,H.)"^C,H.)"]i-PliH„H01 + NPhH, 

= N3[C(CeH.)"2{C,H.)"]'°Ph,H,,H01 + NHj. 

Diphmyl-rMBqillnB )i;drwh1onite. Ammanit- 

N,[0(C,H.)",{C,H,)"]'-Ph,H„H01 + NPhH, 

IHlAfDfl-roBuilIlne tardroclilarue. Aniline. 

= N,[C(C.H.)",(CH,)"]i-Pli.H„HCl + BH.. 

Tripbenyl-roBanllliK bydrotihlotue. AmmomB. 

The salts of tritolyl roaaniline are formed by analogona rs 
actionB, aubstituting toluidine for aniline. 

Triethyl roaaniline is obtained by heating to 100° in 
close vessel roaaniline with etbylic iodide dissolved S 
alcohol : — 

N,[C(C6H,)",(C,Hs)"]''H, + 3EtI 

BpMiniliDo. Etojllc Iodide. 

= N3[C(C,Hi)">(C,H0"]"Et,H, + 3HI. 

Trimethyl and triamyl roaaniline are obtained by analogoaJ 
proceaaea. 

Pentamethylpararosaniline is prepared by the oiidation oi 
dimethylaniline : — 

3N(C,H0(CH,)j + 0, = N3[C(C,H.)"3]i'(CH,)s = 30H,. 

mmethyltmillne. PentameUiTl pi 



Chryaaniline is formed as a secondary prodnct in the manii- 
factnre of rosaniiine. 

Paralenkaniline is obtained by the reduction of para. 
roaaniline in acid solution by means of zinc : — 

rC[ C.H,(HH.)].( C.H.) ^ H, ^ 0[C.H.(lfH,)].H. 
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OTHER AMINES. 

Subjoined are the names and formnlae of a number of 
organic bases wbicb cannot at present be satisfactorily 
classified : — 

Guanine CsHgNsO. 

Guanidine C(NH)"(NH2)(NH2) 

orC(NH)"Ad2. 

H H 



\ 



I I I 
H N H 



H 

Furfurine CijHiaNaOs. 

Amarine C21H18N2. 

Thialdine CeHiaNSj. 

rCPrH 

Dibutyraldine CsHnNO = < O NH. 

LCPrH 

Acridine C12H9N. 

Me— C=N— N=C— Me 

\/ 

N 

Cyanmethine . . ^(N,y^(CUey', . . . || 





Cyanethine. . . . ^(N3)^(OEt)'"3 .. 



Me 

Et— C^N— N=C— Et 

N 





I 

Et 



I ^OL, jy. ^ 
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THE NATURAL ALKALOIDS. 

Of the constitution of these organic bases very little is 
known (see, however, p. 232). The following is a list of the 
chief of them, with the sources whence they are derived : — 

Alkaloids from Opium. 

Hydrocotamine daHisNOs. 

Morphine C17H19NO3. 

Codeine CisHailSrOs, OH2. 

Thebaine C19H21NO8. 

Protopine C20H19NO6. 

Papaverine O20H21NO4. 

Cryptopine C21H23NO6. 

Laudanosine C21H27NO4. 

Narcotine C22H23NO7. 

Narceine C23H29NO9. 

Gnoscopine C3<H36N20ii. 

Mrom Cinchona Bark. 

Cinchotine C19H24N2O. 

Quinine C20H24N2O2. 

Cinchonine C20H24N2O. 

Aricine C23H26N2O4. 

From Nightshade. 
Atropine C17H23NO3. 

From Tobacco. 
Nicotine C10H14N2. 

From Nux vomica. 

Strychnine C21H22N2O2. 

Brucine C28H26N2O4. 

From the Barberry (Berberis vulgaris). 
Berberine C20H17NO4. 



PnOSPniNES, AltSEJES, A.SD STIHINES. 

Fmm Tea, Coffee, and Cocoa. 

Theobromine Ci^^tOi- 

Caffeine (Theme) C8H,j!f40i. 



2, 3, 4, THE PSOSPEINES, AMSINES, STIBINES, 

AlfB BISilUTSINES. 
The baseB containing phosphoras may be obtained, like the 
aminee, by the displacement of hydrogen in phosphoretted 
hydrogen. The tertiary componnda only of arsenic, antimony 
and bianmth are knoiyn ; and they are prodnued by reactions : 
of which the following may be regarded as a type : — ■ 



AsKaa + 



3BtI = 



AaEta + SNal. 

Trielhyl Sndic 



Primary and secondary phosphines are obtained by the 
action of methylic or etbylic iodide and zincic oxide npon 
phosphonic iodide. With ethylic iodide the following reao- 

H- OH,. 



aPH^I + 2EtI + ZnO ^ 


= 2PEtHJ + Znl 








phc«ph„n:o 



2PH.I + 4EtI + 3ZnO = 2PBt,H(ZnI)I + SOH^ + Znlj. 

Pho»plioaio Ethjlic Dlfthjl-phos- Wsler. 

These reactions take place side by side ; bnfc the primary 
and secondary phosphines are readily separated from each 
other by the consecutive action of water and alkahes upon the 
products of the above operation. 

The addition of water to the mised product hberatea the 
primary phoaphine from ita compound, whilst the compound 
of the secondary phosphine resists even boiling water, but 
easily decomposes under the influence of alkalies. 

The tertiary phosphines are produced by the action of the 



w 




^^^H 
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1 




rooB Chloride :- 


M 


3ZnEt, + 2PC1, = 2PEt^ 


+ 3ZI1C1,. VS 




Z[ncic cbloride. ^ ^ 




They may also be obtained in combination with hydriodic 




acid by tbe action of phoBplionic iodide upon the alcohols ::^:^J 




PH.! + 3EtHo = PEtsHI 


+ 30H,. ■■ 




FhMutioQli: Elhylic Triechyl- 
igdjde. almhDL phosptionic 


- ^ 




By the action of alkalies upon triethyl-phosphonic iodide 




triethyl phosphine is liberated ;— 




1 


PEtjHI + KHo = PEt, + 


KI + OH.. , 




TriElhyl- Trietliyl- 


W»Mr. j 




The foliowing Table contains the names 


of the known phos- 




phines, arsinea, and stibines : — 




1 


Frimary Fhospkirieg. 






Fgnnula. 


BoJllng-polnu 




Methyl phosphine PMeHj. 


-w J 




Ethyl phosphine PEtH^ . 


^= 




Secondary rho»])kmes 


J 




Dimethyl phosphine PMejH. 


2^ M 


\ 


Diethyl phosphine PEtiH , 


85 ^^M 




Tertiary Fkosj^U/tes. 


m 


1 


Trimethyi phosphine PMe^ 


41 H 


f 


Triethyl phoaphme PEtj. . . 


127'S ^H 




Tertianj Arsliies. 


■ 




Trimethyi araine AsJIe, 


120 ^H 




Triethyl arsine AsEtj 


140 ^^H 


^ 




-!J 
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Tertiary Stihines, 

Fonnula. Boiling-point. 

Trimethyl stibine SbMej — 

Triethyl stibine SbEta 158* 

Triamyl stibine SbAjs — 

Tertiary Bismvthine, 
Trietbyl bismuthine BiEtg — 



Character. — ^The phospbines, arsines, stibines, and bismuth- 
ines possess very energetic affinities for negative elements. 
Many of tbem are spontaneously inflammable in air and 
o^jgen. Most, probably all, unite with an atom of oxygen 
or a molecule of chlorine, bromine, or iodine, forming com- 
pounds in which the grouping element becomes pentadic. 
Thus, by the absorption of oxygen, triethyl-phosphine is 
transformed into phosphoric triethoxide : — 

PEt3 + O = PEtgO. 

Triethyl- Phosphoric 

phosphine. triethoxide. 

5. OXTBASES. 
These compounds are only known in the arsenic series. 

Arsenious oxyhases. 

Only one of these, cacodylic oxide, has been carefully in- 
vestigated. 

By the distillation of potassic acetate with arsenious anhy- 
dride, a compound known as cacodyl, 'As"2Me4, is produced. 
This substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 

'As^aFai + 4MeT = 'As"2Me4 + 4NaI. 

Sodic Methylic Cacodyl. Sodic 

arsenide. Iodide. iodide. 

By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As2Me40) is ioTmed.. 
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This osybaee does not appear t 
but it is nttacked by liydrochloi 
chloride :^ — 

»fAsMe, 
^0 +21 

LAbMo, 



unite with oxygen acids, 
J acid, forming cacodylio 



SAsMejCl + OH,, 



Cacodjlic oxide, when exposed to moist a 
md oxygen, forming cacodylic acid : — 




CHAPTER XXIX. 



ORGANIC COMPOUNDS OF TBIAD NITBOGEi! I 
AND OF ITS ANAhOOJTES (cmdinued). 1 

NBrTKAi Section. 
1. TEE AMIDES. 

These compoands are formed by the substitation of amido- 
gen (NHj) for the oxatytic hydroxy! of organic acids. They 
are most conveniently written on the diodelphic type, bnt 
may also be foi-mulated npon the ammonia type. 

If the acid contain only one semimolccnle of oxatyl, a mODa- 
mide is the result ; if two semimolecnles of oxatyl are preBont 
in the acid, a diamide is generally fonned, Ac. Secondary 
and tertiary componnds can also be produced, as in the case 
of the amines ; bnt they belong to the negative section of thia 
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A. MONAMIDES, 
I. Primary Mmiamides. 
Acetamide : — 

1 NH, ^^ NH.(CMeO), or | ^^^^ . 
Chloracetamide : — 

{ NH,^'^^^^ «•• NH,[C(CH,C1)0], or { g^fj 
Benzamide : — 

|0(C.H,)0 ^^ NH,[C(C.H.)0], or{g«^^^. 

Formation, — 1. By the distillation of the amnionic salts of 
the monobasic acids : — 

/CH3 _ fCHs , QTT 

1C0(N^H40) "" 1C0(N'"H2) + ^^^' 

Amnionic Acetamide. Water, 

acetate. 

2. By the action of ammonia npon the chloracids : — 



fCHa 

tcoci 


+ NH, = 


fCHs 
\CO(N"'H0 


+ HCl. 


Acetylic 
chloride. 


Ammonia. 


Acetamide. 


Hydrochloric 
acid. 



3. By the action of ammonia on the ethereal salts of the 
monobasic acids : — 

{cOEto + ^^> = {cO(N"'H0 + ®*^''- 

Ethylic Ammonia. Acetamide. Alcohol, 

acetate. 

Reactions. — 1. Boiled witli aqueous solutions of acids, the 
primary monamides yield ammonic salts and acids : — 

{ c5(N"'H0 + HCl + OH, = NH.C1 + { gS^^. 

Acetamide. Hydrochloric Water. Ammonic Acetic 

add. chloride. acid. 
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2. Boiled with potaseic hydrate, anunonia is evolved, a 
a potaaaic salt, corresponding to the amide, is formed. 



1C0(N"'H,) 



f CH, 
1 COKo- 



II. Sectmdarij Monamides 



Diacetimide. . . . N(CMeO).jH or J NH. 
• CO 



Suocimmide NH i CjH, 



[{§ 



LOH. 

ir-^ Et"(N"'H)' 
tOOJ 



4 



These bodies posse 
oi under the negativi 
radicals (p. 251). 

Tertiary monamide. 
of negative radicals (a 



B a negative character, and are treated 
section oE this class as imides of negative 



ire little known. 
1 p. 251). 



They are the nOndea 



B. DIAMIDES. 
The diaraides may be regarded as derived from two mole- 
cnles of ammonia, by the Hubstitntion of a dyad negative 
radical for two atoms of hydrogen ; or they may be considered 
to be formed by the anbstitution of amidogen for the hy- 
droxyl contained in the two semimolecules of oxatyl in dibasio 



fNH, 
aide .. J, (CO,) 

Lnh, 



Primary Diamidea. 

rCOAd 
\ COAd- 



Sncoinamide. . N,Hi(C.H.05)" i 



rrcoT' fcoAd 

rNjH, { Et" LorV Rt" . 

LLcoJ icoAd 
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formation. — 1. By the action of heat npon the normal am- 
monic salts of dibasic acids : — 

fCO(N'H,0) _ fCO(N"'H,) ooH 

\C0(N'H40) - tC0(N"'H3) + '^^^^- 

Ammofiic oxalate. Oxamide. Water. 

2. By the action of ammonia on the ethereal salts of dibasic 
acids : — 

rCOBto . 9NTT - /CO(N"'H0 , oi^.TT, 
\COBto "*" ^^^^ - 1CO(N"'HO + ^^^^o. 

Ethylic Ammonia. Oxamide. Alcohol, 

oxalate. 

3. By the action of ammonia on the chloro-dibasic acids : — 

rcoci rco(N'"H2) 

4NH3 + < Et" = <^ Et" + 2NH4CI. 

[COCl • [C0(]Sr'"H2) 

Ammonia. Succinylic Succinamide. Ammonic 

chloride. chloride. 

The secondary and tertiary diamides are but little known. 

C. TBIAMIDES. 

Primary Triamides. — The primary triamides may be re- 
garded as derived from tribasic acids by the substitution of 
amidogen for the hydroxyl contained in the three semimole- 
cnles of oxatyl of these acids, or as derived from three mole- 
cnles of ammonia by the replacement of three atoms of hydro- 
gen by the residue of a tribasic acid. A good example of a 

triamide is 

rCHaCCOAd) 
Citramide . . . . <^ CHo(COAd) or NgHeCCeH.OO"'. 

[CH^CCOAd) . 

Citramide is formed by the action of ammonia on ethylic 
citrate. 

Secondary and tertiary triamides have not yet been formed. 

2. THE ALKALAMIDES. 

These compounds occupy an intermediate position between 
the amines and the amides. They are derived from ammonia 



1 
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by the sabetitntioii of part of the hydrogen hy positive, 
ptart by negative radicals ; and inasmach. as two atoms at Ies£t 
of hydrogen mast be so substitnted, qo primary alkalaniule 
can exist. 

Secondary and tertiary monalkalamideB, dialkalamides, and 
trial kalamidea are known. 

Ethyl acetaniide NHEt(CMeO). 

Ethyl diacetamide NEt(CMeO),. 

Diethyl osamide N,H,Et,(C,0,)". 

DiphenyLcarbonyl-oialjl diamjde K.,(C.Hj)a(CO)"CC,0.'>"- 

Citryl-triphenyl-triamide N,Hi(C^,)j(CtB:,0,)'" ' 

The aikalamidea incline towards a positive character, tfc»*^"w 
degree of alkalinity being about eqo&l to that of urea. 



3. TME TRIOKLORINATED AND TSIBROMI- 

NATED AMINES. 



,tl»^j 



If the hydrogen in an amine be gradaally snbstituted 
chlorine or bromine, the basic character of the 
gradually diminishes, and finally a nentral compomid 
obtained. 

Thia reaction has been Btndied in the case of aniline, vrbi*^ 
loBQH basic energy by the successive replacement of two atoD^ 
of hydrogen, and finally becomes nentral by the anhstitation 
of throe atoma of chlorine or bromine for three of hydrogen :— 
NH,CC.H.). NH,(C.H.C1). NH,(C,HsC!0. NH,(C^,C1,). 



4. TUE HALOID COMPOirNDS OF 0XTBA8E8. 

ThoHO bodies are only known in the arsenic series ; they aw 

formed by the action of chlorine, bromine, or iodine upon 

t'luiodyl and its homologues, or of hydrochloric acid, hydro- 

brornie acid, or hydriodic acid upon the oxybasea. 

^L General formula Aa(C,H„-n),Cl. 



I 



THE IMIDES A^^) XITRIDES. 
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Nkgatite Sectiox. 

THE IMIDES AND KITBIDES. 

n ^ £ 1 f of imides. . NH(C«Hi«_iO)j, 

Genend formula. . | ^^ ^^^^ N(C.H»-.0),. 

FormcUion, — By the action of chloracids (the so-called chlo- 
rides of negative radicals) npon amides : — 

NHaCCMeO) + CMeOCl = NH(CMeO)2 + HCl. 



Acetamide. 



Ace^lic 
chloride. 



Diaoetiinide. 



Hydrochloric 
acid. 



A repetition of this reaction gives acetylic nitride, which 
may also be obtained by heating a mixture of acetonitrile and 
ascetic anhydride to 200**. 

An imide may also be formed by the substitution of a 
dyad negative radical for two atoms of hydrogen in ammonia, 
thus : — 

rrcoT' 

Succinimide NHCdHiO,)", or NH J Et" . 

LI CO J 

These bodies have hitherto received but little attention. 



CHAPTER XXX. 

II. COMPOUNDS OF PENTAD NITROGEN 
AND OF ITS ANALOGUES, 



This class of compounds contains the following series : — 



Positive. 

1. Caustic Nitrogen bases 

2. ,, Phosphorns bases. 

3. „ Arsenic bases. 

4. „ Antimony bases. 

5. Oxyarsenic bases. 

6. Oxyantimonic bases. 



Neutral. 

1 . Salts of Amines. 

PhospMnes. 



2. 
8. 
4. 
5. 
6. 



Arsines. 
Stibines. 

Oxyarsenic bases. 
Oxantimonic bases. 



NegcUiive. 

1. Organic arsenic 
acids, oxy chlo- 
rides, and chlo- 
rides. 

2. Organic antimo- 
nic acids. 

3. Organic phos- 
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POSITIVE COMPOUNDS. 

1. Caustic N'itrogen Bases. — 

GeneMil formula. .. . NfC^H^.+OiHo. 
In eacli positivQ radicle n must be a ponitive integer. Tie 
radicals need not be all of the same atomic weight. 

For BiaijOTi.— By the action of argentic hydrate upon, the 
iodides of the componcd ammoniums : — 

KEtJ + AgHo = NEt,Ho + Agl. 

Tetretbylanimo- ArnenSc Tetrethylamcno- Argendc 

Diu IMide. lifdrutE, ui^ h;dr!ite. iodido. 

2. Caustic Pkospiorus Bases. 

3. Caustic Arsemc Bases. 

4. Oamtin Antimony Bases, 
By dieplacing the N in the above general fornmla and in the 

equation by P, As, and Sb, the constitution and formation of 
these three sericB of compounds will be expressed. 

5. Oxyarssnie Bases. — These bodies, which arc diacid ba«es, 
are obtained by the slow oxidation of the tertiary naonar- 



AB(0,H„+i)a + 
Tertiary niDnarfllne. 

6. Oxi/antimonio Basea.- 
eiactly analogous to that i: 
prodnced. 



O 



Aa(C„H„+.)jO. 



-These are formed in ei manner 
■which the oiyarsenio bases are 



NEUTRAL COMPOUNDS. 
1. Salts of Amines. 
General tormnlse : — 

N(C.H„+0(C»,H,„+,).C1. 
N,(C„H„)"(C«H™)\H,CI,. 
N,(C„Ht™-i)"'(C™H,„-,)"',H,Cla. 
In the first formnla m may ^ ; in the seconc 
tie displaced. by Hj; and in the third, C„H2„_ 
stitnted by H3. 



, U„±ia, may 
may be snb- 
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Formaiion, — Like the analogons componnds of ammonia, 
the salts of the amines are formed by the direct union of acids 
with the amines without elimination of water, thns : — 

NEtH, + HQ = NEtHjCl. 

Etbylamine. Hydrochloric Ethyiammonic 

acid. chloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 227). 

Character. — The salts of the diamines and triamines are 
often found to contain only one molecule of acid, instead of 
two or three as shown in the above general formulae, which 
indicate the composition of the normal salts. The nitrogen 
atoms are in such cases united together by one of the bonds 
of each, besides being linked by the polyad radicals, thus : — 

*^(N3)^(CnHa«>0"'(C«H2;„-i)'"2HCl. 

The difference between these two classes of salts will be 
rendered more evident by a comparison of the following 
graphic and symbolic formulsB : — 

Normal Salts, 
N Et" N or NjHJEf'Clj, or<( Et" . 

Ethylene-diammonic dichIorid«. 

Cl^^H H^H H^Cl 

N Et" N Et" N 

Diethylene-triammonic trichloride. 

fNHaCl 

I Et" 
or NsHsEt'^aCls ovl NH^Cl. 

Et" 
NH3CI 
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Monadd Salts. 

N Et" N or 'N^HjEfCl or \ f::S^ClBt". 

EUxylene-diaminoiiic monochloride. 

H^/H ^C\ 

N ^Et" ^N Et" N 

h/\ /\h h/\h 

Diethylene-triammonic monochloride. 

or »nN8)^HeEt",Cl or I NH ^ ^f- 

Diadd Salt. 

^^X/^ . ^^^ 

N Et" N Et' ' N 

H'^^H H^^H H^^H 

Diethylene-triammonic dichloride. 

NH CI 
or "(N3)^"H,Et"jClj or /NhI ^*''. 

{ NHaCl^*' 

2. Salts of PhospMnes, 

3. Salts of Arsines. 

4. Salts of Stibines. 

These three series of salts all present close analogies with 
the salts of the amines both in constitution and in the mode 
of their formation. The mode of formation of several of 
them is shown at pages 243 and 244. 



5. Salts of Oxy arsenic Bases, 

As(C«H2ii+l)3Cl2. 

Formation. — By the action of acids on the oxjarsenic 
bases : — 
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AsMeaO + 2HC1 = AsMeaCU + OH, 

Arsenic Hydrochloric Arsenic trimetho- Water, 

trimethoxide. add. dichloride. 

6. Salts of Oxyantimonic Bases, 

These resemble tlie previous salts in formation and consti- 
tution. 

NEOATIVU COMPOUNDS. 

1. Organic Arsenic Adds, Oxy chlorides, and Chlorides, 

The following are the principal bodies of this class : — 

Monoraethylarsenic acid AsMeOHo,. 

Arsenic oxydichlormethide AsMeOCl2. 

Arsenic tetrachlormethide AsMeCl*. 

Cacodylic acid AsMcqCHo. 

Cacodylic trichloride AsMe2C]3. 

2. Organic' Antimonic Acids. 

No exploration of this series has yet been made. The 
members of it will donbtless be found to have close analogies 
with the corresponding series of arsenic compounds. 

3. Organic Phosphoric Adds, 

Monomethylphosphoric acid, PMeOHo2, and dimethylphos- 
phoric acid, PMe20Ho, have been prepared. 



CHAPTER XXXI. 

ORGANO-BORON AND SILICON COMPOUNDS. 

This family is divided into the two following classes 

1. Organo-boron compounds. 

2. Organo-silicon compounds. 
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1. Organo-boron compoundif. 

These compounds contain boron directly united with the 

carbon of monad positive radicals, and are thas diatingaished 

from organic eomponnds containing boron, as seen in the 

following formnlte : — 

H H H I 

X i 1 I 

H— C— B— C— H H— C— 0— B— 0— C 

III III 

H H HOE 

I I 

H— C— H H— C— H 

k A 

Soiic metbide, UiiUijlJc borate. 

The organo-boron eomponnds are produced by the repra 
laent of methoxyl or ethoxyl in methylic or ethylio borate by 
monad poaitiTe radicals. Hitherto only the radicals methyl 
and ethyl have been thna combined with boron. 

BORIC UETHIDE. 

B(CH,)3, orBMej. 

Moleffular weight = 56. Moleoular volume fTI - 1 litre of 

boric ■methide gas ineighg 28 eriihs. Goridenses al 10° under 

a pressure of four atmosplieres. 

pTepo/ration.—By adding to ethjlic borate an ethereal 

Bolntion of zincic methide, when boric methide i& evolved as 

gaa:— 

SBBtoj + SZnMei = 2BMe3 + SZnEto,. 

EtHfllc Kinrid Boric Zlnclc 

bonis. SKthidii. metlilde. ethjlau. 

Beactiotis. — 1. Inflames spontaneously in air or oxygen. 
2. Combines energetically with ammonia, forming ammonia- 
boric motliide: — 
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NH3 + BMes = NH3,BMe3. 

Ammonia. Boric Ammonia-boric 

methide. mettdde. 

S, Boric methide combines readily with potash, soda, lime, 
and baryta, forming compounds the composition of which is 
not known with certainty. 



AMMONIA-BORIC METHIDE. 
NH3,BMe3. 

Molecular weight = 73. Molecular volume (anomalous) 1 

Fuses at 56°. Boils at 110°. 1 litre of ammonia-horic 
methide vapour weighs 18*25 criths. 

Formed as above described. 

Reactions, — 1. Cupric chloride absorbs ammonia from the 
vapour of ammonia-boric methide, reducing the volume of 
the vapour to one half and leaving boric methide gas : — 

6(NH3,BMe3) -f 2CUCI2 = 2CuCl2,6NH3 + 6BMe,. 

Ammonia-lwric Ammonia-cupric Boric 

methide. chloride. methide. 

2; Ammonia-boric methide is readily decomposed by acids ; 
even carbonic acid decomposes it. With hydrochloric acid the 
reaction is : — 

NH3,BMe3 + HCl = NH4CI + BMcs. 

Ammonia-boric Ammonic Boric 

methide. chloride. methide. 



BORIC ETHIDE. 

B(C2H5)3 or BEt3. 

Molecular weight = 98. Molecular volume \ \ y 1 litre of 
boric ethide vapour weighs 49 criths. Boils at 95° C. 8p. gr. 
of liquid 06961 at 23°. 

Preparation. — 1. By the action of zincic ethide upon et hylic 
borate : — 

VOL. II- ^ 
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2BEto3 + SZnEta = 2BEt3 + SZnEtos. 

Ethjlic Zinclc Boric Zindc 

borate. ethide. ethide. ethylate. 

2. By the action of zincic ethide npon boric chloride: — 
BCI3 + SZnEta = BEtj + SZnEtCl. 

Boric Zincic Boric Zincic 

chloride. ethide. ethide. eUiochloride. 

Reactions, — 1. Inflames spontaneously in air, and explodes 
in oxygen. 

2. Allowed to oxidize gradually, boric ethide forms boric 
etho-diethylate : — 

BEts + 02 = BEtEt02. 

3. Heated with hydrochloric acid to 99°, it slowly evolves 
ethylic hydride, and is converted into boric dietho-ehloride : — 

BEts + HCl = BEtaCl -f EtH. 

Boric Boric dietho- Ethylic 

ethide. chloride. hydride. 

4. Boric ethide combines very energetically with ammo- 
niacal gas, forming ammonia-boric ethide : — 

NH3 + BEts = NHsjBEta. 

Ammonia. Boric Ammonia-boric 

ethide. ethide. 



BORIC DIETHETHYLATE. 

BoUs at 102—103°. 

Preparation. — By the action of zincic ethide npon boric 
ethylate, in the proportion of two molecules of the former to 
one of the latter : — 

BEtos + 2ZnEta = BEtaEto + 2ZiiEtEto. 

Boric Zincic Boric Zincic 

ethylate. ethide. diethethylate. ethethylate. 

Reaction. — Water decomposes it, yielding horic dietho- 

hydrate : — 

BEtaEto + OH2 = BEtaHo -f EtHo. 

Boric Water. Boric Alcohol, 

diethethylate. diethohydrate. 
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BORIC ETHO-DIETHYLATE. 

BBtEtoz. 

Boils at 125° C. 

Preparation. — By the slow action of oxygen upon boric 
etliide as above described. 

Reaction. — In contact with water it is instantly decomposed, 
forming horic etho-dihydrate : — 

BEtEt02 + 2OH2 = BEtHo2 -f 2HEto. 

Boric etho- Water. Boric etho- Alcohol, 

diethylate. dihydrate. 

DIBORIC ETHOPENTETHYLATE. 

BEtEto2,BEto3. 

Boils at 120°. Molecular volume {anomalous) 



Preparation. — By the mutual action of zincic etliide and 
boric ethylate in the proportion of one molecule of the former 
to two of the latter : — 

2BEt03 + ZnEt2 = BEtEto2,BEto3 + ZnEtEto. 

Boric Zincic Diboric Zincic 

ethylate. ethide. ethopentethylate. ethethylate. 

Reaction. — With water it forms boric acid and boric etho- 
dihydrate : — 

BEtEto2,BEto3 + 5OH2 = BEtHo2 + BH03 -f oEtHo. 

Diboric Water. Boric Boric acid. Alcohol, 

ethopentethylate. ethodihydrate. 

AMMONIA-BORIC ETHIDE. 

Formed by the union of ammonia gas with boric ethide as 
above described. 

Reaction. — Decomposed by acids but not by carbonic acid. 
With hydrochloric acid the reaction is as follows : — 

NH3,BEt3 + HCl = NH4CI + BEta. 

Ammonia-horic Amnionic Boric 

ethide. chloride. eti\)i<^«. 
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The exietence of such compoaiidB as ammonia- boric ethide 
and diboric ethopenthjiate first pointed to the possibility of 
a pentadic condition of the boron atom corresponding to that 
of nitrogen, phosphorus, and arsenic. On this supposition the 
compounds just named would have the following constitutional 
tormultB ; — 

H Et 
I I 
Ammonia-boric ethide . . H— N=B— Et. 



Diboric ethopcntethylate . . 



, I 

H Eb 
Et Et 
I I 
O 
I I 
Et~B=B— 

i A 

I I 

Et Et 



I 



Still more definite proof of this pentadic character has 
lately been obtained by the preparation of perboric pheno- 
tetrachloride (BPhCI.). This compound is stable only in a 
freezing mixture and decomposes spontaneously at ordinary 
temperatures into boric pheuodichloride (BPhClj) and cblo- 



2. Organo-eilicon eompomidi. 
The great similarity in chemical fimctiona between carbon 
and silicon seema to justify the anticipation that a great 
number of compounds of silicon will be produced analogons in 
cODstitution to the organic componnds. Already several socli 
compounda are known, as for instance :^ 

SilioMomiJcmndi. Orgwii.: rnintoguffl. 

SiH,. CU,. 

Hlldc bjdride. Munli gBi, 



SiHCIj. 



CHC),. 



ORGAHO-SILICON OOMTOUMOS, 









Following the analogy of organic compounds, the aubstito- , 
tion of one of the atoms of hydrogen in ailicic hydride by the 
hitherto anknown radical silicon methyl (SlHi) woald yield \ 
a body constituted like the molecule of methyl or ethylie ' 
hydride, 

rSiHj 
1 SiH,- 

From this, eilicoethylic chloride (SijHiCl) onght to be ob- 
tained; and then, by the Bnbstitutionof hydroKyl foreblOrine, 
the silicon-analogne of common alcohol {SisHjHo). None of 1 
these compounds containing silicon directly combioed with i 
silicon have hitherto been formed ; indeed, nnlite the tetrad ( 
elements, carbon, tin, and titaniara, silicon appears to have ' 
little tendency to form such oompouuds. Amongst the host I 
of Bilicon minerals there is not one in which the assumption of 
the enstenco of silicon combined directly with silicon ia 
miaaible. Disilicic heicachloride (SiiCIs) has, however, been i 
recently formed. 

Bat, although these true silicon analogaes of the mora 
oomplex organic compounds have uot hitterto been obtained, 
yet a large number of bodies which contain silicon atoms 
directly combined with carbon have been synthetically pro- 
daced ; and many of these aubstancoa exhibit interesting' 
analogies with corresponding componads containing carbon ii 
the place of silicon. These are the bodiea which arc inclnded j 
in the class of orgaiM-silicon, compounds. The following Table \ 
Con.taiiis the names and constitutional formnlie of the chief "1 
members of this class, together with those of their deriva- ' 
tives, such as ethylie silicate (SiEtoj), which do not, striotly 
speating, belong to it, inasmuch as they no longer contain 
silicon directly combined with carbon : — ■ 
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Siiicic methidB SiMe, m-b" 

r SiMeoj 

Disilicic oxy-hexamethylate < 202 

[SiMeo, 

Silicic inethylate SiMeo, 121 

Silicic ethido BiEt, 152-5 

Silicic diraethylate ethylate SiMeojEtoj 145 

Silicic chlortriethylato SiClEtoa 156 

Silicic dichlorethylatfl SiCl,Bto, — 

Silicic ethylate SiEto, 166-5 

Silicic triethjlate amylato SiEtojAyo 220 

r SiEto, 

Disilicic oxT-bexaetliylate < 235 

tSlEto, 

[SiEl, 

Disilicic oxy-hexaetliide < O 227 

[SiEt, 

Silicic hydrotrletliykte SiHEtoj ]34 

Silicic ethotrietlijlate SiEtEtoj 158-5 

Silicic dieth-ethjlate SiEtjEto, 165-5 

SlUcic tj-ieth-ethylate SiEtjEto 153 

Silicic dieiLo-chloretlijlate SiEtjClEto 148 

Silicic chlortriethide SiEtjCl 143-5 

Silicic diclitorethide SiEbsClj 129 

Silicic trichlorethide SiEtClj — 

Silicic diethoxide SiEt.,0 — 

Silicononylic chloride < CM HCl ^^^ 

Silicononylic alcohol i nMoHHo '"^ 



Silicononylic acetate j CO(SiC,H„0) 

r SiEtos 

Silicic acoto-triethylate < 

LcOMe 

Silicic acetylate Si{COMe), 



1 



SnJCIC METHIDE AXD ETHIDE. 
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Xame. 



Fomrala. 



Silicopropionic acid < ojqtt 

Silicic triethotydrate {Triethyl- 1 ejpi. tt 



Boiling 
point. 



r o-sro 



lo3o 



SILICIC METHIDE. 



Si(CH3)4 
or 



H 

I 
H— C- 

I 
H 



H 

I 
H— C— H 



■Si- 



H 

I 
-C 



— H. 



H 



H— C— H 

I 
H 

Molecular weight ^ 88*5. Molecular volume I I 1 * 1 litre of 
silicic methide vapour weighs 44*25 criths. Boils at 30°"5. 

Formation. — Bj the action of zincic methide upon silicic 
chloride at a temperature of from 120** to 200°. 

SiCU + 2ZnMe2 = SiMe^ + 2ZnCl2. 



SiUcie 
chloride. 



Zincic 
methide. 



Silicic 
methide. 



Zincic 
chloride. 



SILICIC ETHIDE. 

SiEti. 

Molecular weight ^ 144*5. Molecular volume m * 1 litre of 
silicic ethide vajpoiir weighs 72*25 criths. BoiU at 152°*5. 

Preparation. — Bj the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro- 
duced. 

Reaction. — Treated with chlorine, one atom of hydrogen is 
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replaced by an atom of chlorine, and ailiconoivylic chloride is 
formed : — 

SiEt,(CMeH,) + CI, = {cM^HCl "•" ^^^ 

Silidc ethide. SUicononylic chloride. 

At the same time a portion of the silicic ethide is converted 
into dichlorinated silicic ethide, which, when heated with 
aqneons alcohol and potassic acetate, yields disilicic oxyethide, 

SiEts 
O . 
SiEfcs 



{ 



SILICIC TRIETHOHYDRATE. TriethyhsiUcol. 

SiEtgHo. 

Molecular weight = 132*5. Molecular volume I I 1 ' 1 litre of 
the vapour weighs 66*25 criths. Boils at 153°*5. 8p. gr. 
of liquid 0-8709 at 0\ 

Preparation. — 1. By digesting silicic triethoethylate with 
water at 200° :— 

SiEtgEto + OH2 = SiEtaHo + OEtH. 

Silicic SUicic Alcohol, 

triethoethylate. triethohydrate. 

2. By the action of aqneous ammonia upon silicic chlor- 
triethide : — 

SiEtaCl + OH2 + NH3 = SiEtaHo + NH4CI. 

Silicic SUicic 

chlortriethide. triethohydrate. 

SILICOPROPIONIC ACID. 

r CMeHa 
\SiOHo* 

Preparation. — 1. This acid, which contains the negative 
radical SiOHo (that is to say, oxatyl in which carbon is 
replaced by silicon), is prepared from silicic chlortriethylate 
Z?F the following series of reactions : — 
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Ist. Silicic chlortriethylate is treated with zincic ethide 
and sodium, and thus converted into silicic ethotriethylate 
by the following reaction : — 



2SiClEto3 + 


ZnEta = 


ZnCl2 


+ 2SiEtEt03. 


Silicic 


Zincic 




Silicic 


chloitrietJiylate. 


ethide. 




ethotriethylate. 



2nd. Silicic ethotriethylate, which is a colourless liqaid, 
smelling like camphor and boiling at 158°*5, is now heated 
with concentrated solution of potassic hydrate, when the 
following change takes place : — 

SiEtEtoa + KHo + OH2 = SiEtOKo -f 3EtHo. 

Silicic Potassic Alcohol, 

ethotriethylate. silicopropionate. 

3rd. From the potassium salt, silicopropionic is obtained by 
the addition of hydrochloric acid. 

2. By heating silicic ethotriethylate with acetylic chloride 
to 180°, silicic ethotrichloride is produced : — 



SiEtEtos 


+ 


ofCHa 

"^ I COCl 


= SiEtCla + 


0/CH3 

"^ I COEto* 


SiUcic 
ethotriethylate. 




Acetylic 
chloride. 


Silicic 
ethotrichloride. 


Ethylic 
acetate. 



By the subsequent action of water upon the silicic etho- 
trichloride, pure silicopropionic acid is obtained as a white 
insoluble powder resembling silica : — 

SiEtCla + 2OH2 = SiEtOHo + 3HC1. 



Silicic Silicopropionic 

ethotrichloride. acid. 



CHAPTER XXXII. 

OBGANOMETALLIC BODIES. 



This term is applied to a family of compounds in which 
organic radicals are united directly with metals ; and it serves 
to distinguish them from other organic compounds contaimi;^ 
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motals, in, which tbe metal and oi^nic radical are indire 
anited or linked to each other. 

Thns zineic ethide is an organomefcallic body, ivliilo zineic 
ethylato aud zincic succinate are organic bodies conta 
metals : — 





EH H H ■ 

II 111 
H— C— C— Zn— C— C— H 


ZincIc etbidc. . ZnEtj. 




II f 1 
H H H H 


Zincic ethjlate. . ZnEtoj. 


.M 


H H 


H H ^M 


H-C-C-O-Zn 


-0-C-O-H ^M 


A L 


m 




H H 

H-LLo-jl 


fCO , 

Zincic anccinate, , J C5H4 Znc 

loo 1 




H ^M 


Manj organic compoands containing metals arc the derMP 
tives of organometallic bodies ; fclina zincic ethide by oxida- 
tion yields zincic etbylate — 


ZnEU + 0, 


^ ZnEtOa ; 


se. 


Zincic 

cthrMc. 


and by fiirtber oxidation zincic 
zincic acetate — 


ethylate can be converted into 


CMoH„„ ,, , ,„ _ 


gJS^gzno" + 20H. 



Another instance of the deriyation of organic bodies con- 
taining metala from organometallic bodies is seen in the for- 
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mation of potassic propionate by fhe actioa of potasaic ethida ; 
upon carbonic anhydride : — 

CMeH,K + 00. = {g^'gj'. 



Formation of Oryanometallic Bodie. 
Organo metallic bodies are produced in a large nnmber of I 
h may, 1 



be classed under the following 



reactions, ^ 
fonr heads 

I. By tlie union of monad positive radicals in statu wancentf 
with a metal, or by the coalescence of a metal with the iodidp 
of a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100° in closed vessels, zincic ethide is formed : — ■ 



2EtI 



Zuj 



ZnEta 



ZnU. 



a light may be employed instead of heat to effect 
this change, aa in the case of the orgaiio-tin compounds. lo 
the formation of organo-mercnry coiapounda by this method, 
light is indispensable to the reaction : — ■ 

Etl + Hg = HgEtT. 

Elhylic Meroirio 

n. By the action of the respective metala alloyed with 
^taBsium or sodium apon the iodides or, in rare cases, the 
bromides of the monad positive radicals. 

By this process there is less tendeucy to form compounds 
containing both positive radicals and negative elements. 
Potassium or sodium compounds are never produced in this 
reaction, because they cannot exist in the presence of ethyhc 
iodide or its homologues. This process is well adapted for 
the formation of arsenic, antimony, tin, mercury, lead, bis- 
muth, and tellurium c 
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4E1I 


+ SnNa* = SnEt. + 


4NaI. 


Ethylic 


'""^^.™ S" 


tmlifle. 


2EtI 


+ HgNa, = HgEt, + 


2]S"aT 


s:^ 


Sodium MBT^rio 


Sodic 


2C,„H,Br 


+ HgNa, = Hg(C,„H,>, 


+ 2 


Nsphthylic 


UDBlgua. naphlMde. 


br 



III. By the action of the ziuc cocopoanda of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. ComponncU 
containing mercury, tiu, lead, antimony, and arsenic have 
been thus produced ; but the process has failed when applied 
to the haloid compounds of copper, silver, platinum, ai 
for, althongh these bodies are violently acted npon, the organic 
radicals do not unite with the metal : — 



SnCl, + 2ZnEta = SnEt. + 2ZnCl. 
2HgEtI + ZnEt. = 2HgEt^ + ZnT,. 

Marenric zintlt Mercuric Zinclc 

By Bubstitating stannous chloride for stannic chloride i 
tho above reiielion, stannic ethide is also obtained, whilst 
metallic tin is precipitated : — 

2SnCl, + 4ZnEt, = Sn + SnEt. + ■IZnBtCl. 



A precisely aimilnr reaction occurs with plnmhic chlorido 
and zinoio ethido, [jlumbic tetrethido being formed : — 
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2PbCl2 + 4ZnEt, = Pb + PbEti + 4ZnEtCl. 



Plumbic 
chloride. 



Zincic 
ethide. 



Plnmbic 
ethide. 



Zincic etho- 
chloride. 



IV. By the displacement of a metal in an organometallic 
componnd by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
aluminium, and zinc. In the first three cases the reaction 
t>akes place at ordinary temperatures, some of the original 
compound entering into the composition of the resulting 
organometallic body : — 

+ Zn. 



+ 3Hg. 



3ZnEt2 


+ 


Naj = 


= 2Znl^aEt; 


Zincic 






Sodic zincic 


ethide. 






ethide. 


3HgEt2 


+ 


Al, = 


= 'Al"',Et. 


Mercuric 






Alominic 


ethide. 






ethide. 


HgAy, 


+ 


Zn = 


= ZnAya 


Mercuric 






Zindc 


amylide. 






amylide. 



+ Hg. 



Reactions of organometallic bodies. 

1. The most interesting reaction of the organo- compounds 
of the monad metals is their transformation into salts of normal 
fatty acids by the action of carbonic anhydride (see p. 146). 

2. The organo- compounds of potassium and sodium decom- 
pose the iodides of the monad positive radicals in the cold, 
forming hydrides and dyad radicals : — 

Sodic 
ethide. 

3. The organo- compounds of zinc are decomposed by water, 
with formation of the hydrides of the radicals : — 

ZnEta + 2OH2 = ZnHos + 2EtH. 



C2H5I = 


= Nal 


+ 


C2id.5id. 


+ 


C2H4. 


Ethylic 
iodide. 


Sodic 
iodide. 




Ethylic 
hydride. 




Ethylene 



Zincic 
ethide. 



Water. 



Zincic 
hydrate. 



Ethylic 
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4. B^the slow action of dry oxygen, they pass through t 
stages of oxidation ; — 

ZnEta + = ZnEtEto ; 



ZnEtEto 

Zindc otho- 



5. Monad negative elements, such 
ceBBively the two atoniB of ethyl ; — - 

ZnEt, + Ij = ZnEtl 



ZnEtl + r, — 




6. The organo-zinc componnde are extremely naeful for the 
displacement of chlorine or its analognes by ethyl or ita homo- 



Iricbleriilo. ottiiae. pbospMnB. chlorMo. 

SlCl, + 2ZnEts = SiEt. + 2ZiiCl,. 



2-^ 



fC,H,Et 

{ + ZnEt, 

[CjH.Cl 



Diethylafed ethylic ether is isomeric with butylio ether, sai ■ 
contains the radical methylo-ethjlatcd methyl (st 
By oxidation it woTild doabtlesa give methylated acetone | 
(p. 221). 




p. 8). J 
aceto ne | 

J 



REACTIONS OF ORGANOMETALUC BODIES. 271 

7. Oxygen may also be displaced in a similar manner. 

Thus:— 

N' 20Et-0 — I ,jj,, jp.f^ 

2'N"202 + ZnEt, = Zn" or ,£^„«5;;XZno". 

'N"20Et-0— J ^ '^^^ 

mtric Zindc Zincic dinitro-etbylate. 

oxide. ethide. 

This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 

COEt-O— , Qj,^Q 

Zincic propionate .... Zn" or ^t^,, ^Zno". 

COEt-O—" ^^^^ 

8. An analogous reaction is observed with sulphurous anhy- 
dride : — 

SOMe-O-, g^ Q 

2S0j + ZnMe, = Zn" or °^®XZno." 

SOMe-O-' ^^^" 

Solphnrous Zincic Zincic methylsulphinate. 

anhydride. methide. 

9. When ethylic borate is acted upon by zincic methide, 
the ethoxyl becomes replaced by methyl: — 

BEtog -f 3ZnMe2 = BMcg + SZnMeEto. 

Ethylic Zincic Boric Zincic methide 

borate. methide. methide. ethylate. 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, ethylic diethoxalate is formed : — 

{c8Eto + ^^^*^ + 20H.= {gg^Ho ^ 2nHo, + EtHo. 

Ethylic Zincic Water. Ethylic Zincic Alcohol, 

oxalate. ethide. diethoxalate. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen : — 

ZnEtz -f 2NH3 = ZnAdg + 2EtH. 

Zindc Ammonia. Zincic amide. Ethylic 

ethide. hydride. 

12. The organo-zinc compounds, by losing one semimolecvsi^ 



/ 
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of their orgnnie radical, become monad radicals, as shown faj 
the following fonaolte ; — 

"^l5i°r"° ^^*™°'^' } 'N",OMc.O-(ZnMe). 

Eayk.^mcic dinitroethy. J ,jj.. Q^^Q^^nEt). 

EthyHc ethylo-zindc di- f CEtrO-(ZiiEt) 
elhosalate \ COEto 

13. MereV'rie ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element : — | 

HgEt, + Brj = HgEtBr + EtBr. 

Uenniilc Hercuric Etta;lic 

14. Mercuric methide, when snbmitted to the action of mei- 
coric iodide, yields mercnric metiiiodiiie : — 

HgMe= + HgT, = SHgMel. 

■Dnhide. Iodide. meUilodide. 

The hydrates corresponding to the mercnric ethobromide I 
and methiodide have been prodnced. They are powerfnl 
caustic bases, of the formula? 

HgEtHo and HgMeHo. 

etbobjdrate. mecbohyitiKU. 

15. The oTgwuo-siannmis compounds unite directly with , 
negative elementa, passing into stannic bodies :— 

SnEt, + I, = SnEtjl,. 



16. Syposlannic organo- compounds undergo a similar traos- 
formation :- 



L 'Sn"'3Et8 + L = 2SnEtJ: ^J 

I SnEtJ + T, = SnEtJ, + EtT. ^H 

I ioAobriijtttUi. lododielbide. Iodide. ^^H 



1 



; 
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17. Hypostannic ethodimodide is formed by tlie action of 
iodine upon stannic ethodimethide : — 



2SnEt2Me2 


+ 


I. = 


'Sn"',EtJ, 


+ 


4MeI. 


Stannic 
ethodimethide. 






Hypostannic 
ethodiniodide. 




Methylic 
iodide. 



18. Stannic ethide, when treated with hydrochloric acid, 
yields stannic chlorotriethide and efchylic hydride : — 

SnEt4 + HCl = SnEtsCl + EtH. 

stannic Hydrochloric Stannic Ethylic 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formnlsB are : — 



ide . . < O 
I Si 



SnEts 
Oxide . . <{ O ; Hydrate. . SnEtaHo. 
SnEts 



These compounds, and the salts which they form, corre- 
spond in composition, constitution, and, to a certain extent, 
in properties, with the compounds of methyl : — 

Alcohol. Haloid ether. Ether. 

{CH 
o '. 
CHs 
rSnEta 

StanntriethyHc SnEtaHo. SnEtsCl. < O 

[ SnEta 

19. Stannic ethide takes up sulphurous anhydride, at the 
same time absorbing oxygen from the air, and forms stanntri- 
ethylic ebhyhuVphonate :^ 

SnEt4 + SO2 + = SOoEtCSnEtgO). 

Stannic Sulphurous StanntriethyHc ethyl- 

ethide. anhydride. sulphonate. 

20. Stannic chhrodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt^Clj + Zn = SnEtg + ZnCl2. 

stannic Stannous Zincic 

chlorodiethide. ethide. chloride. 

VOL. II. 't 
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21. PfrplumbK eihide reeembles stannic ethide i 
tinus; thns with hydrochloric acid it yields perplnmbic 
chtorotrieihide and ethylic hydride : — 

PbEt. + HCl = PbEtjCl + EtH. 

22. Perplambic ethide differs, however, from stannic ethide 
in its action on salpharons anhydride, with which gas it 
yields plumbic ethylsalphiiiate and diethyl snlphone ; — 

PbEt. -f 3S0, = I^Et^l^" + SO,Et,. 

PeifhrnMc SolpliaHnu Flomble IHolhyl 

ethUt. uAjdnilfl, etiijUalpbinKte. Hilpboiie. 

23. PerplumhU trifithohydrate (PbEtyHo) is a powerful 
base, forming eatts with acids. 

24. The orgaao-t'illuriu.m eoTtipounds Eorm oxideq and 8 
The following are the formalie of tellnriam ethide and » 
of its componnda : — 

Tellnriam ethide TeEt,. 

Tellarona diethoiide TeEt,0. 

Tellnrous diethiodide TeEt,I,. 

TellarouB diethosulphate TeEt,(S''Ofl 

Constitution of OrgiMtametalHe Bodies. 
The organometallic compoanda are conatitnted on the types 
of the metals they contain. It was, in fact, the study of 
these bodies which first led to the doctrine of the atomicity ' 
of elements. They afford striking examples of monad, dyad, 
triad, tetrad, pentad, and hexad types. 

The organic derivatives of the monad metals are formed on 
the type of potaseio chloride (KCl) : — 

H H 
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The organo-zinc, cadmium, magnesium, and mercury 

compounds are formed upon the type of zincic chloride 

(ZnClO :— 

H H . H H 



CI— Zn— CI 



Zindc chlorid«. 



H— C— C— Zn— C— C 

II II 

H H H H 



— H 



Zincic ethide. 



H H 



I— Hg— C— C— H 
H H 

Mercuric iodethide. 

The organo-aluminic compounds are formed upon the type 
of aluminic chloride ('Ar^jCle) : — 

H H 



H— C— H H— C— H 



CI CI H 

I I I 

CI— Al—Al— CI H— C- 



-Al- 



H 



Al- 



Cl CI 



H 



-C— H 

I 

I 

H 



H— C— H H— C— H 



H H 

Aluminic chloride. Aluminic methide. 

The organo-tin compounds are formed upon the three types 
"Sn"Cl2, 'Sn'^gCle, and SnCl*,— the first resembHng the 
zincic chloride type, and the second the aluminic chloride 
type just described : — 



CI Et 

I I 

CI— Sn— CI Et— Sn- 



Et 



-I Et— Sn— Et Et— 



CI 



I 
Et 



Et 

L- 
i 



Et 



Stamiie chloride. Stannic iododiethide. Stannic ethlde. 



/ 
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Et— Sn— 0— H 



I 



The inorganic types of the orgaao-telloi 
TeOljandTeOj:— 



EI^Te— Et 0=Te< 



1 



The organ o-arsenic, antimony, and biamntli compounds are 
derived from the types 'As''jS"a, AsCIa, AaOHos, SbCla, 
SbClj, BiOlj, and BiO,Ho (see pp. 245, 252, and 255):- 



H— 0— Aa— 0— H 



H— 0— Ab— O— H 



Me— Ab— Me 



1 



lie Dif trinutU4«. 



Me— As— 0— H 
I 
Me 

Caogdylic aciil. A 

Tho effect ot the substitution i 
radicals in compounds is strikingly exhibited in the case of ' 
arsenic acid, AaOHoj, as illustrated in Ihe nlwre graphic 
representations. By the sobstitution of one semimolecule 
of methyl for hydrosyl, a well-defined acid (less negative, 
however, than araenic acid) is produced, mocometiiylarBenic 
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acid, AsOMeHoj. By the replacement of a second soniiniolo* 
cule of hydroxyl by methyl, a very feeble acid, cacodylio 
acid, AsOMe2no, is obtained. By the replacement of the 
third semimolecTile of hydroxyl by methyl, the acid [)rt)por- 
ties are completely destroyed, a feeble base, the arson io oxy- 
trimethide, being formed, AsOMos. Finally, by the HubHii- 
tation of metJiyl and hydroxyl for the remaining atom of 
oxygen, there is produced a powerful base, tetramothylarHcmlo 
hydrate, AsMoiHo. 

The following is a list of the principal organo mot allien 
bodies at present known : — 

I. Organo- compounds containing monad motalfi :— 

Potassio-zincic methide KM(ifZtiMii%, 

Potassio-zincic ethide KKtfZnKt^. 

Sodio-zincic ethide NaKt^ZnKt^ 

Lithio-zincic ethide lAKtiZtiKit* 

Lithio-mercuric ethula , , , , JyiKt^H^Kt^ 

II. Organo- compounds containing fJysul m/^b;— - 

Magnesic ethide M^Kt^, 

Zincic meihide ZuM^st^ 

Ziadc ethidft ZnKt^ 

Zincic amrnd* , ZllA/^ 

MfeTCiarfc medtidh MfM^ 

^Lexttstjc: *^ii;dfe ^ H^V 

Her^M: zuif^^/^^ VLg^t'A, 

^LerTiirjt ^rijrx^i^MM:^ HjJK^/.VO.y, 

Scacinivift *iaiu>: "Ihtt'lfjc^ 

Teu^irixtt ixufif^y^. T^Mit,. 
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Stannic methide S]lMe4. 

Stannic iodotrimetliide SilMesI. 

Stannic iododimethide SnMezIs. 

Hjpostannic etliide 'Sn" 2Sts. 

Stannic ethylodimethide SnEtjMes. 

Stannic phenyl-tiiethide SnPhEts. 

Stannic etbophenyl-dichloride. . . . SnPliEtCl2. 

Hjpostannic ethodiiodide 'Sn'"2Et4l2. 

Perplambic etliide PbEt*. 

Perplumbic chlorotriethide PbEtaCl. 

V. Organo- componnds of pentad metals : — 

These bodies belong to the 11th family of organic com 
pounds, and have been already treated of at pp. 251 and 25t 
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The Indigo Group. 

This group of compounds, of which, the most important is 
mdigotin, CsHsNO, the blue colouring matter of indigo, may 
be regarded as derived from indole, CsHtN. The following 
list of the principal members of the group, with their constitu- 
tional formulas, will render clear the nature of this relation- 
ship : — 

Indole }CH >NH. 

Oxindole I C j£SnH. 

Leo ^ 

rc EL 

Dioxindole 1 CHHoNnH. 

[CO ^ 

Isatin J CO>NH. 

LCO '^ 

rC.H4(NH,) 

Isatic acid < CO 

LCOHo 

Isatic chloride < CO^N. 

Icci^ 

Indigotin '. 1 CO^N. 

All the above compounds are ortho-disubetitutiou ds^cvN^.- 
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tives of benzene, and all, with the exception of isatic acid, 
contain closed lateral chains (see p. 45). 

INDOLE. 

IchNnh. 

Molecular weight = 117. Molecular volume | ( 1 » 1 litre of 
indole vapour weighs 68*6 criths. Fuses at 52°. Boils at 
245^ 

Preparation. — 1. By the distillation of oxindole (p. 281) 
with zinc-dust: — 

<^CHa>NH; - O = |CH >NH. 
[CO ^ "{CH -^ 

Oxindole. Indole. 

2. By digesting albumen with pancreas. 

3. By passing the vapour of ethylaniline or of ortho- diethyl - 
toluidine through a red-hot tube : — 

rCHs "|CH. 

J^CK, = |CH>C6H4 -h 2Ha. 

Ethylaniline. Indole. 

This reaction is analogous to that in which quinoline is 
formed from acrolein-aniline (p. 233). The relation of indole 
to quinoline will be seen by comparing the graphic formuleB 
of the two compounds : — 

H H H 



H— C C C— H H— C C C— H 

I II II • I Jl I 



I I 

H H H 

Indole. Quinoline. 
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Meaction. — By oxidation with, ozone, indole yields traces of 
iix<3igotin : — ^ 

JCH >NH + 2O3 = < CO >N -h OH2 + 2O2. 
"{CH -^ LCH ^ 

Indole. Ozone. Indigotin. Water. 

OXINDOLE. 

r CeH, 

< CH2 >NH. 

Leo ^ 

Fuses at 120°. 

JPreparation, — 1. By the reduction of dioxindole (see below) 
"With tin and hydrochloric acid : — 

f CeHi f C6H4^ 

< CHHo >NH + H2 = < CHONH + OH2. 

[CO "^ Leo ^ 

Dioxindole. Oxindole. 

2. When ortho-nitrophenylacetic acid is subjected to the 
action of reducing agents, ortho-amidophenylacetic acid is 
formed, and this, at the moment of formation, parts with the 
elements of water, yielding oxindole : — 

rCeHiCNH,) rc,H. 

< CH, - OHj = < OH, >NH. 

[COHo [CO ^ 

Ortho-amidophenyl- Water. Oxindole. 

acetic acid. 

Oxindole is thus the internal alkalamide of orthoamido- 
phenylacetic acid. 

DIOXINDOLE. 

< CHHo >NH. 

Leo ^ 

Fuses at 180°. 

Frepa/ration. — By the action of sodium amalgam upon 
sodic isatate (p. 283), sodic hydrindate is formed'. — 



282 COMPOUNDS CONTAINING TRIAIl NITROGEN. 

<^ CO + H, = <^ CHHo 

[CONao LCONao 

(ORba-muiilophiinylglycoUal 

Hydrindio acid cannot exist in the free state, but, "when 
liberated from its salts by a stronger acid, parts with i 
8 of water, forming dioxindole :■ — 

f C.H.(NHO fCH* . 

J CHHo - OH, ^ i CHHo>NH. 

[COHo |_C0 ''^ 



Dioxindole is the internal alkalamide of hydrindic ((S 
amidophenylglycolHc) anid. 



ro.H. 

i 00 >SE. 

[oo ^ 

PrfparatioTi. — 1, By the oxidation of indigo 
acid; — 

rc,H, rc.H. 

^ CO >N + = ^ CO >NH 
{CR ^ [CO -^ 



tons i 
into 



2. By treating ortho-nitrobenzoylio cyanide with aqneons 
hydrochloric acid, the cyanogen gronp is converted into 
oxatyl, yielding ortho-nitrobanzoylformic acid r — 

fC,H.{N'O0 rC,H.(N'-00 

■(CO + 20Hj = .^ CO 

iCN [cOHo 



By the reduction of this nitro-acid, the corresponding 
amido-a«id is obtained. The amido-aeid, however, cannot 
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exist in the free state, tut parts with the elenienta of water, 
yielding isatin : — - 



< CO - OH, ^ ^ CO >NH. 

I^COHo Leo ^ 



leatiii is thus the internal alkalamide of ortho-amidobenzoyl- 
fonnic (isatic) acid, an acid of the benzene -pjrn vie series 
Csee p. 182). 

Heacdons.^l. Boiled with a solution of an alkaline hy- 
drate, isatin yields a salt of iaatic acid : — 

fC.H. rCH^CNH,) 

J CO >NH + HKo ^ <^ CO 
[CO / LCOKO 



'i 



2. By the action of phosphoric chloride iaatic chloride i 
formed:— 

< CO '">NH + PCJi ^J C0\n + HCl + POCJa. 

Leo / Icci^ 

lulin. Fhoeptiuric laacli^ Hydrodiloilc FtuHphonc . 

1 ohJori[le. tWuridB. ndi oijldchlartd*,^ ^^^1 

■ INDIGOTIN. ^^M 

1 lobV n 






Oceurrmice. — This componad, the bine colouring matter of 
indigo, is obtained from various epeciea of indigo/era. The 
snbstance which occurs in the plants is, however, not indi- 
gotin, bnt indicam, from which, by the action of ferments, 
indigotin is produced ; — 

CwH^NOi, + 20H, = CsHjNO + SC^H.oO,. 

Indicuii. WaUr. InllgLitJD. tndigtuqin. 

Boiling with acids decomposes indican in the ft^iiw, wvj 



i 
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PrfparatioK.—l. By the action of hydrogenating' agents on 
tsatic chloride :— 

J C0\N + H, = J CO '\n + HCl. 
iCCl ^ LCH ^ 

Uatli! iDdinrtin. HrdnKUoric 

numiie. add. 

2, Indigotin ia at present prepared on a, large scale from 

ortho-nitrocinnamic acid by the following aeries of reao- 

By direct nnion of ortho-nitrocinnamic acid with bromine, 
ortho-nitrodibromohydrocinnamic acid is obtained :- 



„ CH 4. R _ J CHBr 

iCH "•" "^' ~ ^CHBr 
'COHo [COHo 

Ortha-niir^vlimamic Orthtf-nltrodibromo- 



By the action of potassic hydrate upon thia brumo-acid, 
potash salt of ortho-nitrophenylpropiolic acid is produced :■ 

{CsHiCN'O,) J CHiCN'O,) 

^HBr +30KH = "'g -^ 2KBr + 30H,. 

COHo 'COKo 



,the 1 



fa^diu*!. |>beiiyI]irDplolal«. liromlde. 

When ortho-nitrophenylpropiolic acid ia reduced with 
grape-sugar in alkaline solution, indigotin ia formed, car- 
bonic anhydride being evolved during the process. The 
mechaniam of the reaction ia not perfectly understood, but 
the change probably takes place aa follows : — 
,O.H.(N'0.) ,o.H. 

■" + H, = 00 )N + 00. + OH,. 

fcOHo l-°2 

Orths-nllropbpDfl- IsdlgaliD, Cu-bnnii: Walcr, 

The indigotin obtained by these processes is identical with 
the natural product. 
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Aeatftmide, 3-17. 




Acetic series of B,cidB, 143. 


„ brasaic, 161. ^^H 


„ eeries of adds, celations of, 


„ bromotricarbaUjlic, Sll. ^^M 


to aoryUc series, 16a. 


„ butjric, 156. ^^1 


„ seriee of acids, relatione of. 


„ oaeodflic, 246, 255, 276. ^^M 


to Wtic series, 173. 


„ capric, 144. ^^H 


„ Beriea of acids, relationB of 


„ uaproic, 144. ^^H 


sneeinic serieB to, 196. 


„ captTlio, 144. ^^H 


Acetone, 221. 


„ carbolic, 94, 96. ^^H 


,. diethjlated, 220, 221. 




dimethjkted, 221. 


oerotic, 144. ^^H 


ethjlated, S20. 231. 




„ metlijlatDd, 221. 


„ ^-cbloropropionio, 180. ^^H 


1 Aoetj-i, 27. 


cimicic, 161. ^^H 


cinnamie, 187. ^^^1 


' Aoeljlene, 33. 


citFacomc, 203. ^^^^| 


„ aeries of radieaJs, 23. 


citric, 211. ^^H 


Aoetjiio eUoride, 156. 


citridie, 310. ^^H 


„ nitride, 351, 


„ cFBaotio, 188. ^^H 


Aoetrylide of copper, 25. 


crotonic, 161. ^^^| 


Add, acetic, 154. 




„ Boeto-Uotie, 167. 


cumioio, 187- ^^^| 


„ acetonic, 181. 


„ cjanacetio, 197. ^^H 


„ aconjtic, 210. 


„ cyanic, 34. ^^H 


„ acrylic, 109, 139, 163. 


„ Gjanaric, S4. ^^^H 


„ adipio, 194. 


„ damalurio, 161. ^^H 


„ damoUc, 161. ^^M 


„ alphBiylic, 187. 


„ deaoiaUe, 212. ^^H 


„ amidobenEojlformie, 383, 


„ deitrotari^rio, 307. ^^H 




„ diamykcetio, 159. ^^H 


„ amidophenylaeetic, 381. 




„ araidophenjlglycollic, 283. 




„ anchoic, 194. 


„ dicarbopyridie, 239. ^^H 


„ angelic, 161. 


„ dicbloracBtlo, 155. ^^M 


„ amaio, 183. 


„ dieUoroTybutrric, 213. ^^H 


„ anthraquinone ■ aulphonie, 


„ dicyanuiybiityric, 212. ^^H 


105. 


„ dJethaceCic, 159. ^^H 


„ apoBorbio, 111. 


„ dietboiaiic, 168. 181. ^^| 


„ arachidic. 144. 




„ atropic, 187. 


., dimethoialic, 168, 181. ^^M 


„ behemc, 144. 




h „ benzoic, 186, 189, 314. 


„ diphenic, 74. ^H 


r"" 


„ dueglic, 161. ^^H 
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Lcic 


[, durylic, 187. 


Acid, leucic, 167, 181. 182. 


» 


elaYdic, 161. 


>> 


maleic, 198, 200. 


it 


equisetic, 210. 


)f 


malic, 198, 205. 


)f 


erucic, 161. 


» 


malonic, 179, 193. 


)f 


eiTthric, 104. 
etnacetic, 156. 




mandelic, 188. 


» 




mannitic. 111. 


)> 


ethomethoTalic, 168, 181. 




margaric, 144. 


)) 


ethylbenzoic, 187. 




melilotic, 188. 


>» 


ethylcrotonic, 161. 




melissic, 144. 


>» 


ethylglyoollic, 181. 




mellitic, 61,213,214. 


>» 


ethyl-lactic, 167. 




mellophanio, 214. 


»> 


formic, 152. 




mesaconic, 203. 


»> 


fulminuric, 34. 




mesitylenic, 186. 


j» 


fumaric, 198, 200. 




metagallic, 110. 


» 


gaMic, 161. 




methacetic, 156. 


»» 


gallic, 189. 




methacrylic, 161. 


»» 


glutaric, 194. 




methethacetic, 158. 


>» 


glyceric, 108, 184. 




methylcrotonic, 161. 


)i 


glycollamic, 191. 




methylglycollic, 167, 176. 


» 


glycollic, 99, 118, 166. 




methyl-lactic, 165. 


)) 


glycomalic, 191. 




a-methyl-jS-oxybutync, 170, 


>j 


glyoxalic, 183. 




181. 


>j 


Pflyoxylic, 183, 184. 




monochloracetic, 155. 


)) 


hemimellitic, 214. 




monomethylarsenic, 255. 


»» 


hexahydrophthalic, 209. 




monomethylphosphoric, 


)) 


hippurio, 191. 




255. 


}) 


homolactic, 176. 




moringic, 161. 


» 


hysenasic, 144. 




mucic, 111. 


M 


hydracryUc, 169, 179. 




myristic, 144. 


JJ 


hydratropic, 187. 




nitrobenzoylformic, 282. 


»J 


hydrindic, 282. 




nitrocinnamic, 284. 


»1 


hydrocinnamic, 187. 




nitrodibromohydrocinnamio, 


>J 


hydrocyanic, 29, 75. 




284. 


J> 


hydroferrocyanic, 33. 




nitrophenylpropiolic, 284. 


l» 


hydrosorbic, 161. 




oenanthylic, 144. 


>J 


hypogeeic, 161. 




oleic, 164. 


J> 


isatic, 283. 




orsellinic, 103. 


»> 


isobutyric, 159. 




oxalic, 36. 


» 


iaocaproic, 144. 




oxamic, 37. 


)> 


isodibrom succinic, 203. 




oxybenzoic, 56, 187. 


>» 


isomalic, 206. 




a-oxybutyric, 167, 181. 


5» 


isopropacetic, 144, 157. 




iS-oxybutyric, 169, 181. 


» 


isophthalic, 214. 




y-oxybutyric, 170, 181. 


» 


isosuccinic, 200. 




7-oxycaproic, 217. 


>) 


isovalerolactic, 167, 181. 




oxymethyl - phenylformic. 


)) 


itaeonic, 203. 




188. 


)) 


itatartaric, 204. 




palmitic, 144. 


» 


lactamic, 137, 178. 




paralactic, 174. 


» 


lactic, 137, 173, 178, 179. 




paraoxybenzoic, 56, 187. 


» 


IsBvotartaric, 207. 




pelargonic, 144. 


)> 


lauric, 144. 




pentadecylic, 144. 


ff 


lecanoric, 104. 




phenomalic, 109. 
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^eid, plienylacotio. 186. 


Acid, rnlane (isomerio forms), 157. ^^| 


„ ^-phanjlBCTjlie, 187. 


ijlio, 186. ^^M 


„ pliBnjlglj-coUic, 188. 


Acids, u»tic or fattj series of, 143. ^^M 


„ phenjlTc. 96. 


„ Bcetoid eeriw of, 193. ^^M 


„ o-phenjlpropionio, 187. 


„ BcrjUc Bonea of, 169. ^^M 


•> /3-plionylpropionic, 187. 


beiizoio or urotnatic Beries ^^H 


„ pUoretw, 188. 


^^M 


.. phthftlio, 62, 71, 214. 


rlBs^iilcation of, 141. ^^H 


., phyaatolaic, 161. 


deriyation of, from aloobola, ^^H 




^^M 


„ piorio, 97. 


derived from benzene, 214. ^^^H 


„ pimelio, 194. 


dibasic, 191. ^^H 




dibasie, formation of, 191. ^^M 




[Ubaaic, fumHria or iicirtwd ^^^H 


>i PTODionic, 156. 


series of, 300. ^^M 




„ dibasio, reactiODB of, 192. ^^M 




„ dibasic, succinic or acetoid ^^M 




series of, 193. ^^M 


„ pyroterebic, 161. 


dibasic, tartaric or gljoiyloid ^^^H 


„ pjruTio, 183. 


series of, 206. ^H 


,. moomic, 207, 208. 


fumaricoracrvlDidserieaof, ^^H 


„ raccellic, 194. 


^H 


„ woohario. 111. 


„ gljoijlic series of, 184. ^^M 


„ Bftlicjlic, 56, 187. 


„ heiabasio, 313. ^^M 


, ., sebocic, 194. 


„ lactic seHej of, 164. ^^H 




lactic series of, clasaiBcation ^^H 


« iteario, 144. 


^^M 


» saberic, 194. 


„ lactic senea of, definition of, ^^M 




^^M 


„ auociriio, 197. 


„ lactic series of, relations to ^^M 


,. gnlphamjUe. 115. 


acetic series, 173. ^^H 




„ lactio series of, rektions to ^^H 


„ ettlpliorinic, 115. 


aciylic series, 178. ^^H 


„ Utinic, 189, 


„ law of basicity of, 141. ^^M 


„ tartaric. Ill, 207. 


„ maUc or lactoid series of, ^^M 


„ tartaric (innctiTe), 207. 


306. ^^M 


„ tartronic, 108, 205, 208. 




„ tartrophthalie, 209. 


„ normal fatty, ascant of the ^^M 




^^M 




normal fattr, formation of, ^^^H 


„ tolpic;i8e. 


^^H 


„ tricarbaBjUe, 310. 


„ normal fatty, relations of, to ^^M 
C„H,,.^,Ho alcobols, 148. ^^M 


„ Irichloracetie, 155. 


„ tridecylia, 144. 


□ormsl fattj, relations of, to ^^H 


„ trimolittic, 314. 


C.Hj.+, radicals, 147. 1 


„ trimBBiG, 214. 


„ normal fattj,relBtion8 0f,to 1 




each other, 149. 




„ normal, of acetic series, 143. | 


„ tropic, 188. 


normal, of acrjlio aeries, ^^m 




^H 




normal, of acrylic aeries, Cor- ^^^H 


_ „ TBkrio. 167. 


mation of, 162. ^^^H 



^^^V 288 INDKX TO VOL 11. 


^^^F Acids, Dormal, of fatty aeriea, oc- 




■ currenoe of, 144. 


in, 200. ^^^ 


r „ aormal, of lactio Beriee. for- 


Alatun, 137, 173. ^^H 


1 malion of. 171. 


Alcohol. allyUc, 90. ^^H 


L „ of BcrjlicBeriea.relatioQflDf, 


amylic, 76, 66. ^^^1 


m to acetic KTiei. 168. 


benzylic92, 94l-^^H 




batylic, 76, 8S. ^^^H 


^K 


caproylio, 78. ^^^H 


^^^H olefiue, of acrylic Bcries, 161. 


capiyUc. 79. ^^H 


^^^^^B oleEno, of lactic series, for- 


Celtic, 79. ^^1 


^^H mKUoo of, 17-Z. 


cetyUc, 79. 1 


^^^H oleii; aeries of, 160. 




^^H „ organic, 141. 


„ cuntylic, 93. 




„ deratylic, 79. _ 


^^^H ., phenvlgljoxylio series of, 


„ ethylenic, 98. . 1 


^^H 


etbyUc, 7S, 68. .^^H 


^^^H ., pjTuvic series of, 182. 


heptylic, 79. ^^M 


^^H „ BOCondaJT tatty, 158. 


beiahydric. 111. ^^H 


^^^H secondary, of aorylio series, 


heiylic, 7S. ^^H 


^^H 


isamyUc, 78. ^^M 




isobutylio, 78. ^^M 


^^^H formation of, 162. 


: irs^-i"- ■ 


^^^H BecondBry of lactic serice, 


^^B 


metliyllc,76, 88.^^H 


^^^H secondary, of lactic sorioa, 


Iionylic, 79. ^^^H 


^^^H formation of, 172. 


octylic, 79. ^^^H 


^^^B sucoinic series of, 193. 




^^^r „ succinic series of, relations 


penthydrio, Ul. ^^^ 


^^ to acetic series, 196. 


snccinio series of, relations 


pentjlic, 78. " 




„ plienjlethylie, 92. 




phenjlicsiibstitDtion pro- 


to lactic series and to gly- 


dnots of, 97. 


cols, 194. 


pheiijlic, tertiary, 94, 96. 


„ tertiary fatty, 160. 




„ tetrabfieic, 213. 


propargyiic, 91. 


„ tribasic, 210. 


propjlic, 78. 85, 88. 


^^^m tribsaic, Bconitic or ocryloid 


„ pseu'dMnyiie,78. 


^^^ 


paondobutylic, 88, 89. 


^^^H triboaic, citric or lactoid 


,, paeudoheiylie, 8fi, 


^^^P aeries, 




^^^H^ , trilHuiB,tricBrbi!llylicoraoe- 


sulphur, 86. 1 


■ toid series, 210, 


aycooerylic, 93. ^^H 


r Aoridine, 241. 


tetralijdrie, 110, ^^H 


1 Acrolein, 109, 138. 


tetrylic, ^^M 


L Aorolein-aniUae, 233. 




^^^ Aciyl. 27. 


Aleoliola, 75. ^^^ 


^^^L Acrylic series of Bcids, leo. 


ditydric, 77. 1 


^^^^B Acrylic aeriea of acids, rslationa of. 


„ dihjdrio, glycol aeries, 


^^^^B to lactic series, 173. 


97. 


^^^■^oiyloid or f umoric amen at adds. 


„ dihydric,orciii aerieajtttij 


M.^ 





w 
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Icoho 




Atdchrdej derived Irom the ^^^| 




90. 


C,H...v,n<> alcohols. ^^H 




monohjdrio, metli,! «>- 


^^H 




rie», 78. 


frouithDC.H,._,HoBl- ^^H 




monohjdric, mathyl 96- 


colioU, 138. ^^M 




ritM, normal. 78. 


fronithcC.U,^;Eoia- ^^M 




monohjdric, methyl ee- 


coholt, 139. ^^H 




TieB, >eeondB>7, 78, B6. 


prepamtion of, 133. ^^^| 




monohjdrio, methyl sb- 


reoctioDfl of, 137. ^H 




riee, tflrtimy, 78, 8S. 


Alizarin, 104. ^H 




moQohjdrio, phenyl ae- 






ries, 92. 






Dtgnohydric, phenyl sa- 


internal, 281. ^H 




ri(H, normal, 92, 93, 9i. 


Alkaloids, artificial. 325. ^^M 






fruui barberry, 242. ^^H 




riea, iH*ond«ry, 93, 95. 


&om cinchona, 212. ^^H 




monohjdrio, phenjl ee- 


from nightshade, 24£. ^^H 




ries, tertiary, 93, 96. 


from niti vomica, 242. ^^H 




monohydric. pmpargrl 


from opium, 24:1. ^^^^| 




.eries, 91. 


from tea, coffee, and ^^^| 




polyhydric, 110. 


coDoa, 248. ^^M 






from tobacco, 242. ^^H 




sa 






tcihydrio, 77. 


Ally!, ^^M 




trihydrie, glycerine ae. 


AltylamiQO, £26. ^^H 




ries, 106. 


Allttene, 23, 91. ^^H 




trihydric, pjrogillic Be- 


Al^lic iodide, 107, 121. ^^H 




H™, 109. 


sulphide, 91. ^^H 




reUtions of, 79. 






ralationg of, to tiUty acida, 


Aluminic ethide, 269. ^^^H 




148. 


metMde, 275. ^^^H 


IdeVde, itcetic, 1^6. 


Amarine, 241. ^^^H 




^Tjhc, 138. 


Amides, 225, 246. ^^H 




beDioic, 139, 140. 


d.'finil.ion of, 246. ^^1 




butyric, 13S, 


Amidonitrophenol, 97. ^^H 




cftprio, 136. 


Amiaes, 226. ^^H 




orotonic, 13a 


clasaiScation of, 225. ^^H 




oumiaie, 189. 


diacid ealta of, 254. ^^M 




eiiodic, 136. 


monacid salts of, 251. ^^M 




formic, 135. 


normal salts of, 253. ^^H 




laurio, 136. 


salts of, 252. ^^M 




myriatic, 130. 


Ammonla-borio ethide, 259. ^^H 




cenantLic, 136. 


methide, 257. ^^^| 




palmitic, 136. 


Ammonia type, 4, 5. ^^^^| 




phanylaoetie, 189. 


Ammonic uhloride type, 5. ^^^| 




propionic, 136. 


Amoiyl, ^^H 




salicTlie, 187. 


Amygdalin, 140. ^^^H 




stearic, 136. 


Amyl, ^^H 




toluic, 139. 


Amylamine, 226. ^^H 




Tslerio, 136. 


Amylbenzene, 15, 60. ^^H 


Hehjdfl., 133. 


Amviene, 19. ^^H 






Auiyiciiic cMgrid<:, 130. ^^H 


1 TOL 


II. 


^^H 




^^^^^^^^^^1 
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AmjleEie bromide, 130. 
„ oiide, 117. 

I Amjl gljeerin, 106. 
f Amjlic iodide, 139. 
' Amjlide, »incic, 277. 
Anijl ieopropjl, 13. 
„ tolaene, 16. 
„ xylene, 15. 
Aulijiiride, acetic, 216. 

„ tLoetobeDzoic, 216. 

„ btmxoio, 216. 
„ butyric, 216. 
„ CAproic, 216. 

„ caprjlic, 216. 

kctio. 217, 
„ censnthylic, 216. 

„ pulmitju, 216. 

„ pplBi^nic, 216. 

„ propionic, 216. 

silico-fonnie, 261. 
Buccinie, 218. 
Talerie, 216. 
Anhjdridea, 214. 

215, 217. 218. 

deGnition of, 214, 

., of I he dih jdric dibftBiD 

BeidB, 192, 218. 
,, oi the dihydrio mono- 

basic acida, 216. 
„ ofthemonohydricmo- 

nobadc ncidi, 216. 
Aniline, 6S, 226. 
„ blue, 239. 
„ Tiolet, 239. 
Anthruceae, 70, 74. 
AnthrASavin, 105. 
Anthrnquinono, 75, 105. 
Antimonic acids, organic, 256. 
Antimony, orgttnio compounds of, 

221. 
Arbutin, 103. 
Arioine, 242. 

Aromatic KsricB of acids, 185. 
Araenio aoids, organic, 25!>. 
Arsenic, organic compounds of, 224. 
Arteiiic oiydichlormethide, 255. 
„ oiytrimothide, 276, 277. 
„ tctrachlonnetLide, 255. 
„ trinietho-diobloriile, 255. 

trimethoiide. 2BB. 
I'll ill lis OTtybiwm. 2-15, 



ArsinE, triethjl, 244. 

„ trimeliijl, 244, 
Arsioes, 235, 243. 

„ BaltB of, 354. 
Ascenli of alcobol b 



of B 



134. 



Aaym metric carbon 
Atropine, 342. 
Azobeuzene, 68. 



of fatty acide* 
174,20ia 



imidogen, 227. 

organic, 225, 

oiyantiraonic, 252. 

oxyarsenio, 253. 
lamide, 347. 
icoe, 5S, 64. 

, bromocoiDponnds of, 67. 
, ehlorooompounda of, 65. 
, formula, Ketulfi'B, 52. 
, „ Ladeubui'g'B,52.. 

, herachlorido, 50, 66. 
, iodocompounda of, 67. 



„ Bubatitiition deriyatiTei 
of, 65. 

„ Ihoory, 44. 
Benzidine, 68. 
Benzoic Bariea of saida, II 
Benzol, 64. 
Benionitrilo, 18S. 
Benzophenone, 221. 
Beniotrichloride, 190. 
Benzoyl, hydride of, 14(L;a 
liemoylie cyanide, 183. 

Beniylaraine, 228. 
Benzvlcne, 26. 
Bcrberine, 24a. 
Betttorcin, 104. 
Bismutbines, 225, 348. 
Bisiliutliina, triethjl. 34Q 
Boric diethetbvlate, 2r" 

„ diethoohloridc, S 

,. diethohydrate, 258 

„ ethide, 257- 

„ etho.diethjlal*, 2 

„ elho-diliydrate, ! 
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^opic methide, 256. 

:^wm, pentadic character of, 260. 

«rDinaoetylenB, 36. 


Curbinol, m«thjl-tertiarybutyl, 86. ^^| 


phenyl-ethyl, 93. ^^M 


phanyl-methyl, 93, 95. ^^M 


«rom«t 
^romhj 


TiBDe, 131. 

Iriit. 132. 


tri^thyl, 88. ^H 


*K)mpheT.d, 97. 


triphanyl, 95, 96. ^^M 


^ra^ine 


243. 


CaTbonic tetrachloride, 128. ^^H 


-Buloijl 


6. 




-Butjl, 11. 


Carraerol, 94. ^ '^ ' ^H 


^utjlamine, 2E6. 


Caustic BDtiiuoiiy hasce, 252. ^^H 


-Butyl bsmano, 60. 


anenic bases, 352. ^^M 


:Batjlone, 19. 


citrogea haaes, 252. ^^H 


3utjlenJ 


bromide, 130. 


phosphorus bases, 25:!. ^^H 




chloride, 130. 


Ceroteoe, 19. ^^H 


3ul^iio 


odide, Beeondary, 111. 


Ceteue, 19. ^^^1 




nitrile, tortiarT, 160. 


Cldoniuetamide, 24?. ^^^U 


2n^Jrone, 221. 


Chloral, 136. ^^H 






BJcohoUte, 138. ^^H 


CBCodjl 


24S. 


hydrate, 138. ^^H 


Cacodylic add, 246, 255, 276. 


Chloranil, 103. ^^^| 




dUoride, 246. 






oiida, 245. 


Chlorether, 370. ^^H 




trichloride. 255. 


Oblorhydrate, ethylenlc, 122. ^^H 


Caffbine 


243. 


Chlorhydrin, 123, 133. ^^H 
Chlorida, mathylic, 127. ^^M 


Oipryle 


11. 


e,19. 


Chlorine, action of, on tha ifldicall ^^^1 


Cirbinol, benijl-dmiBthjl, 93. 


of the ethylene sericB, 19. ^^M 




benEjl-phenyl, 93. 






diBthjl, 86. 


Chloroform, 127, ^^M 




diethyl-propyl, 89. 
diisopropjl, Bfi. 


id'OhloropropioQylzc chloride 172. ^^^^^| 


1) 


Chlorous organic radicals, 207. ^^^| 




dimstlijl, 86. 






dimathjl-ethjl, 88. 






dimethjl-iBobutjl, 89. 


Cinchotine, 242. ^^^H 




dimethjl-isopFopyl, 39. 
dimBlhyl-propyl, 88. 


Citramide, 249. ^^M 




Citryl-triphcnjl-triftmidc, 250. ^^H 




dimethyl ■ tertiarybutjl, 


Clsesification of orgu^ic com- ^^H 
pounds, 9. ^^H 




diphenyl, S6. 


Codeine, 242. ^^M 




dipropjl, 86. 


Collidine, 229. ^^M 




ditolyl. 93. 






etliji- propyl, 86. 


dridoa of. 39, 75. ^^M 




methjl-hutjl, 86. 


organic radicals, 9. ^^H 




me r.hyl- diethyl, 89. 


oiamides, 38. ^^M 




inethjl-ethyl, 86. 


positire radicals, hj- ^^^H 




methjl-etiijl-iaopropyl. 


drides of, 39. ^^^H 




89. 


Compounds, organic, definition, 1. ^^^| 
Conifarin, 1S8. ^^M 




methjl-athyl-propyl, 89. 




metliyl-heiyl, 86. 


Conine, 228. ^^H 




methjl-iaopropjl, 86. 


CoudouBed diodelphic type. 5. ^^H 




methjl-uonyl, W. 


CotistituenU of organio com- ^^M 




methyl-propyl, 86. 


^^t 




^^^^^^^^^H 


^^^^^^^^^^^^^^^^^1 



292 INDEX TO VOL. U. 


CrM<.l,94. 


Dibasic B<^ids, anhydridt^s of, 192. 


Crolonrlene, 23. 


218, 1 




„ fumario or acryloid 


Orjptopine, 313. 


SBries of, 200, 


Ouine>w. S9. 




CuproBOTinylio ether, 25, 


Dibutylamine, B28. 


CTamelidB, 34- 


Dibutyraldine, 241. 




Dichlorai^«tone, 211. 


Cjsnides of moiiad poeitiro radi- 


Dichloraoetoiie-CTanhydrate, 211. 


ealB, 125. 


DicUoraniline, 250, 


Cjanic bydride, 76. 




CruiideB, double, 31. 


IKcMorhydrin, 123, 132. 


,. singfe, 31. 


Diohlorinated urethylic ohloride, 1 


127, 1 






Cyanogen. 27, 29. 




chloride of, 34, 


Diethjlamine, 227, 2EB. ^^H 


Cymene, 60. 






Dietbylated acetone, 221. ^^1 




ethvlic eliier. 270. 1 


Dahline, 239. 


Dictliylbi-nzene, 60. 






dieals, 2. 


254. 


„ orgHiiiic f ompounda, 1. 


„ trianimonic monochlo- 


DeriTatiTOS of glycol, 99. 


ride, 251. 






Kene, 65. 


2;.3. 


DeTelopmrat of formulsc, 6, 7, 8. 


DIethylhydrazine, 236, 237. 


DiiK^tie glyrol, 89, 100, 223. 


DieHiylnitrosamine, 229, 237. 


Biacetimide, 248. 


Diethyl laamide, 250. 


Mftcetin, 233. 




Diadelphio type, 4, B. 


243. , 


DiethTl un«, 235. ^^ 


Diamidea, 248. 


Dihydric alcohoU. 97, 101. ^^1 


constitution of, 248. 


DimethTlamine, 238. ^^H 




Dlmetb^laniline, 230. ^^M 


249. 


Dimethrlated acetone, 221. ^^M 


primary, 2*8. 


Ilimethylbenzene, 59. ^^M 


aecondfliT, 249. 




,. tertiary, 249. 


Dimetbvlcvmidine, 23a ^^^| 




DinielI]>loiamide, 39. ^^H 


Dianiirea, B25, 234. 


Dimethjlphenol. 94. ^^ 






monacid^alts of. 254. 




„ normal salts uf, 263. 


230, "■^ ' 


oiidwi of, 231. 






Dimethyltolylammonic chloriiii', 


secondary, 234. 


230. 


'tertiary, 234. 


Dimethjlijlirtine, 230- 


DiaiobenKene, 68. 


Dinitrobeiiiieiie, 67. . 


. Diazo reactions, 69, 




ribB9kacid», 191. 


..... J 
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Dioiybeniiene, 102. 


Ether, phanyUo, 117. ^^M 




xtanntriethjlic, 27.1. ^^M 




Bulphor, llfi. ^^H 


2eo. 


sulphuric, 115. ^^M 


Diphenjloiamide, 38. 


„ tetrachlorinated, 115. ^^M 




„ vinyl-ethyl, 117. ^^M 




Ethers, 112. ^H 


DUiUciG oij-hexaethide, 262. 




„ oiy-heiafithjlate, 362. 


haloid, 121. ^^M 




haloid, of the dyad pasitive ^^^H 


Double c;yimidc«, 31. 


radieaU, 121, 129. ^^M 


;, moDadelphio type, 5. 


„ haloid, of the monad poa- ^H 


JJurane, 4S. 


tiro radicals, 121, 124. ^^M 


Dyad poaiCiTe ladicaU, 10, 17, 19, 


haluid, of the triad posidn ^^H 


36. 


radicals, 123, 132. ^^H 


action of 


of the dih}dri^ alcoboli, ^^H 




^^M 


on, 19. 


of the methyl series, 113. ^^M 


lialoid 


„ of thp monoliydrio alcohol^ ^ 


ethers of. 


112. 


121- 


„ of the phenyl seriea. 117. 
of the trihydric aloohuls. 


reactioinof 


ethylene 


113, 120. 


.eriesof. 


„ of the rinyl series, U7. 


19. 


Ethereal ealts, 222. 




„ aoJts, deoompositioQ of, 


Epichlorhydrin, 138, 133. 


224. 






Erytiroglucin, 110. 


„ salts of dihydrie aleohois. 


Ethane, 43. 


223. 


„ salts of dibas<<ia«idB, 224. 


Bthet, 113, US. 


., salts of dihasio acids, add. 


„ ttUyl-ethjl, 117. 


^m 


„ Blljlic, H7. 


salts of dibasic aoids, nor- ^^^^1 


„ UDTiie, 113. 


^H 


„ benzjlie, 117. 


salts of monohasio aeida, ^^^1 


„ butjlic, 113. 


223. ^m 


„ onproBOTinjUc, 25, 

„ dicWorinatedmethylic. 115. 


salts of raoaohydrio alco- 1 
hols, 223. 1 


„ diethoialie, 271. 


„ saltaoftribasieiieids.Sa*. 1 


„ diethjlatod ethylic, 270. 






224. 


„ Btbylic, 113, 115. 


salts of tribasic acids, nor- 


„ Bthjlic wnylio, 113. 


mal. 224. ' 


„ ethylio butyUo, 113. 


„ Bfllts of trihydric aloobols, , 


„ gljojlio, 120. 


223. ^J 


„ mothjlio, 113, 114. 


salts, produotioQ of, 222. ^^M 


„ msthyiic amylio, 113. 


Ethide, boric, 257. ^^M 


„ methjlic ethylic, 113. 






115. 


htliioziooie, 277. J 


„ phenjlbanzyl, 117. 
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Elhide, mercuric, 368. 277. 


Ethylenic iodide, 130. ^^^ 


L 




„ iodohydrate, 130. 1 


1 


„ i)otoB8ip, 274. 


„ oiide, 117. lia 


1 




Olide, iBOmere of, 118. 


1 


„ Bodio-zincic. 277. 


oiide, reaetiona of, 118. 


f 


„ ituuiic. 268. 


Ethylic aeetate, 222, 223. 




„ BUinnou., 272, 277. 






„ teUuritun, 276. 


„ boralo, 256. 




„ rincie, 867, 277. 


„ chloride, 128. 








[ 


Ethodm iodide, bjpoitaiiDio, 273, 




1 


277. 


„ dirthacetate, 151, 158. 


1 


Etholijdrate, mercuric, 272. 


„ diethaceto-acetaUi, 150,220. 


1 








Etboxjl, 6. 


„ ethacBto-aCBUte, 150, 151, 




Etbjl. 11, 12. 


220. : 






„ ether, 113, 115. 1 




„ uns, 235, 236. 


„ ethyloziucic diethombte. 




EthjlominB, 137, 226. 


272. 






„ iodide, 128. 




iodide, 126, 226. 


„ oiida, 115. 






„ sodai:etoucetate, 149. 




Ethylated acBtone, 220, 221. 


„ Bodethaceto-acetttte, 150. 




EHijIbeniene, 59. 


„ BQoinatc, 224. 




Ethjl diuxtamide, 250. 






EthjldiniBthjlWiiiene, 60. 


„ snlphide, 116. 




Ethjlene, 19, 22. 


Etbjlidene and ethylene oom- 






pounda, iBomeriam 




pounds, iBomeriBm of, 


of, 21, 177. 




31, 177. 


„ oomponnds, 21. 






cyanhydrate, 171 




diamine, 235. 








ethylmethjlbenwne. 




234. 


59. 




dichloridp. 


„ ethTlmethvlpiiui- 




253. 


kone, 98'. 




„ monDehloride, 


Ethylochlorether, 270. 




264. 






onde, 234. 






Ethylene diethyl diBmina, 236. 


272. 


I 




Ethyl phenol, 94. 


1 


Bcriea of radicals, ai'tion 


Etbyl-plienylamine, 227, 229. 


1 


of chlorine on, 10. 




1 


„ Bcri«> of radicttlfl, preparn- 




1 


ti<.„of,17. 




1 


EthjlouicbromidB, 131. 


Fatty ncids, nonnal, 143. 


r 


chloriilfi, 130. 


„ acids, neiondary, 168. ^^M 




clilOTlivdmt.', 122, 130, 


naida, (crtiory, 160. ^^^1 




cjflnitte, 131. 
„ dmc.'tnU', W. 


„ BvrieB of aeid«, 143. ^^H 








„ dii'liloridp, 122. 


Ferrocyanide, potasaic, 38. ^^^H 




„ flh«r, 118, 


Firo-daiup, 41. ^^^H 






m 
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Onosi'opioe, ^^H 

Grapliic fomiids of orgaiiio com-^^^^l 

pounds, 7. ^^^H 


„ graphic of organic oom. 


pounds, 7. 


auauidine, 241. ^^H 


Formyl, 27.- 


Quanioe, 211. ^^^1 


Fonnjl diphenTl dkmine, 126. 




l^ammo or acrjloid serieg of aoida, 




200. 


Z25. 250. ^^^H 




etbars, 121. ^^^H 


in, 200. 


ethen of the dyad poaitiTA ^^H 


Furturine, 241. 


radicals, 121, 129. 1 




„ etbors of the monad post- \ 




tiYB radioalB, 121, 1S4, 


Glmwae, 112. 


„ etliersof the triad poaiUre J 


GlTcerin, 106. 


radicals, 122, 132. ^^J 


relatioDB of, 107, 108, 109. 




Gljool, 98. 


Uoptyleno, 19. ^H 




acetobutyric, 100. 


He lain ethyl benzene, 60. ^^^H 




amjlic, 98, 


Heiylene, 19. ^^H 




brometlijlio, 100. 
bromhjdrio, 100. 


Hufmaon'a yiolet, 239. ^^H 




Homopyrocatechm, 102. ^^^H 




butjlie, 98. 


Hydra,:iries, 236. ^^^| 










ajanhydrie, 179. 


Ujdride, unylio, 41, 43. ^^^H 




derivatives of, 99. 


butyUc, 41. ^^H 




diacetic, 99, 100, 223. 






diethylenic, 101. 


<?anic, 7G. ^^H 




diethylic, 100. 


decatjlio, 41. ^^^| 






dodecatylic, 41. ^^H 




ethjlic, 97, 93. 


ende«t;Iio,41. ^^H 




heiethylenic, 101. 


ethylic, 41, 43. ^^H 






heptyUc, 41. ^^H 




liydric BthTiio, 100. 


heiylic, 41. ^^^1 




iodhjdric, 130. 


mothylic, 41. ^^^M 
nonyUo, 41. ^^^H 










octylio, 41. ^^^H 




octylio, 98. 


oiMylio, ^^H 




penCetbylenio, 101. 






propjlic, 97. 


pentyUc, 41. ^^H 




sulpbur, 90. 


pbeoyUc. 64. ^^H 




Utrethylcnic, 101. 


propylic, 41. ^^H 




triethTlenio, 101. 






tetryJic ^^H 


GUjwls, »7. 


tridecatylio, 41. ^^^H 


„ poljethylenic, 100. 


triiylic, 41. ^^M 


„ relationBot auocinicMriM 


Ujdridce of compound negatir* ^^^H 


to, 191, 


mdicaU, 39, 75. 1 


Gljcoljl, 27. 




Olycj'ic <"'de, 120. 


dinal.. 39. 


QIjomJ, 183. 








206. 


niuM 70. ^^H 
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Hydrides of the radicals of the 
methyl series, 39. 
of the radicals of the 
methjl series, pre- 
paration of, 40. 
of the radicals of the 
phenyl series, 44, 59. 
„ of the radicals of the 
phenyl series, law of 
oxidation of, 61. 
., of the radicals of the 
phenyl series, pre- 
paration of, 60. 
„ of the radicals of the 
phenyl series, pro- 
perties of, 62. 
Hydrochloric glycide, 123, 132. 
Hydrocotamine, 242. 
Hydrophlorone, 102. 
Hydroquinone, 102. 
Hydrosulphate of ethyl, 86. 
Hydrotoluquinone, 102. 
Hypostannic ethide, 272. 

ethodiiodide, 273. 



it 



Imides, 225, 251. 

„ general formula of, 251. 
Imidogen bases, 227. 
Indican, 283. 
Indiglucin, 283. 
Indigo group, 279. 
Indigotin, 282, 283. 
Indole, 280. 
Interequivalence, 46. 
Introduction to organic chemistry, 

1. 
lodhydric glycol, 130. 
lodhydrin, 120. 
lodiae, phos phonic, 243. 
lodocompounda of benzene, 67. 
lododiethide, stannic, 272. 
lodo-orcin, 102. 
lodotriethide, stannic, 272. 
Isatic chloride, 283, 284. 
Isrtin, 282. 
Isobutylene, 19. 

Isomeric forms of Taleric acid, 157. 
Isomerism in fumaric or acryloid 
series, 200. 

in the lactic series, 174. 

of ethylene and ethyli- 
dene, 21, 177, 201. 



a 



a 



Isopropyl, 13. 
Isopropylbenzene, 59. 
Isopropylio alcohol, 96. 
„ iodide, 107. 

Isopropylmethylbenzene, 60. 



Ketone, diethyl, 221. 

dimethyl, 221. 

dipropyl, 221. 

ethylene diethylic, 220. 

ethyl methyl, 221. 

ethyl propyl, 221. 

m^hyl butyl, 221. 

methyl phenyl, 221. 

phenylic diethylic, 221. 

propyl methyl, 219. 
Ketones, 218. 

-formation of, 219. 

isomerism of, 221. 

list of, 221. 

of the CnHjM-^ series, 
221. 



» 

a 
It 
»> 
it 
a 
a 
a 
» 



it 
a 

it 

11 



Lactic series of aeids, relations of, 
to acetic series, 173. 
„ series of acids, relations of, 

to acrylic series, 173. 
„ series of acids, relations of 
succinic series to, 194. 
Lactide, 217. 
Lactides, 217. 

Lactoid series of dibasic acids, 205. 
Lactones, 217. 
Lactyl, 27. 
Laudanosine, 242. 
lioad. 

Perplumbic chlorotriethide, 

274, 277. 
ethide, 274, 

277. 
triethohydrate, 
274. 

Plumbic ethylsulphinate, 274. 
Lepidine, 233. 
Leucin, 182. 
Leukaniline, 240. 
Light carburetted hydrogen, 41. 
Lithiomercuric ethide, 277. 
Lithiozincic ethide, 277. 
Localization in the benzene series, 

53. 
Lutidine, 229. 
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Magantt, 23EI. 


iMothyl .'terics, ^ondary raiiicula ^^| 


Mftgneaie ethide, 277. 
M^c reries of acids, 205. 


^^1 


aeries, tertiarr radicals of, ^^H 


Milonjl, 37. 


^M 


M«mite, 111. 


^^M 


MiTBh-gaa, 41. 


Methylal, 98. ^H 


Hiirsb-g^ series, hl^dea of, 39. 


Methylamine, 226. ^^H 


type, 4. 


Uethykted acetone, 221. ^^M 


ManTeinB, 237. 


Uethylbenxeue, 59. ^H 


MBfldow-sweat, ail of, 187. 


Methyleiiic chloride, 127, 130. ^^M 


Helene, 19. 


iodide, 130. ^^H 


Mandiue's reaction, 81. 


UetbylethyUmine, 228. ^^H 


MarcapUn, 85. 


Methylethjl-phenylamine, 229. ^^M 


Seronry. 


Methylic borate, 215. ^^H 


Mercuric amylidB, 269. 


cbloride, 127. ^^M 


et.hide, 268, 277. 


chloride, djchlorinatsd, ^^M 


ethiodide. S67. 


^H 




chloride, monochlorin- ^^^H 


ethohjdrate, 272. 
„ ethomtrate, 277. 


ated,127. ^^M 


cUoride, trichlorinAted, ^^H 




^^M 


„ metMde, 272, 277. 


iodide, 129. ^^M 


methLodidB,272,277. 


oxide (MMslw Biher). ^H 




114. ^H 






O^iKWKimpoimda, 268. 




Meiitjlenp, 65, 59. 




M(Hit?bl, 91. 


^H 






Metaldehjde, 187. 


Mcthylphenylammonic chloride, ^^1 


MBthanB, «. 


230. ^^M 


Melbide, oluminic, 275. 




„ boric, 356. 


meronrie, 272, 277. 


Motiacetin, 223. ^^M 




Monad positive radicals, 10. ^^M 




„ poeitice radicals, baloid ^^M 


I „ zincio, 371, 277. 


ethers of, 121. ^^M 


Methoijl, fl. 


MonadeipMo type, 4, 5. ^^M 


Methjl, 11. 




' UBthvl aeries, liydridEs of the nuli- 




cala Qf, 39. 


formatioa of prinunr, ^^^| 


„ Beries of ftlcohola, 78. 


247. ^H 


„ secies, normal aloohols of, 


primary, 247. ^^H 


78. 


reactions of primary,- ^^H 


„ series, secondary alooliola 


247. ^H 


of, 78. 86. 


secondary. 249. ^^M 


„ aeries, tartiarv alcoliob of. 


tertiary, 248. ^^M 


78, 88. 




„ series, normal radicals of. 


allyl series of primary, ^^H 


, 10. 


^^H 


L „ series, prepnration of nor- 


allyl series of aeccn- ^H 


i ~" 


darj. 227. ^^M 
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MonamineB, foniiiilion ot primary 


Negative organic radicals, 27- ^H 


226. 


NiL-holaon-9 yeUow. 339. 




Nicotine, 242. 


227. 


Nitrides, general formula, of. 251. 


„ formtttioii ot tertiary 


„ negattte, 251. 


239. 




„ methyl scries of pri 


NitrobonienB, 67. 


maiT, 225. 
„ methTl sariBB of secoQ 


Nitrobenzoylie cyanide, 282. 


Nitcoethane, 129. 


dftiT, 237. 


Nitrogen, caustic bases of, 268. 


phenyl leries of pri 


compounds of pentad, 


niary, 225. 


and its analoguBs, 251. 


phenyl sBTie. of «eo« 


„ compomids of triad, and 


dary, 227. 


its analogues, 225. | 


„ primary, 225, 226. 


„ organic compounds of, 


reaction of primary 


224. 


227. 


Hitrophenol, 97. 


„ reaction of eecoudary 


Nitroaophanol, 231. 


229. 


Nonjlene, 19. 


reaction of tertiary 


Jfornial acida of the acotie aeries, 


231. 


143. 




„ acida of tha M^lic series, 


nmry, 230. 


161. 




acida of the lactic series. 


dary, 230. 


166. 


„ recognition of tertiary 


„ fatty acids, 143. 


230. 


„ monohydric alcohols of 




phenyl series. 92, 94. 


„ tertiary, 225, 229. 


„ olefiiie acida of the lactic 


Monobasic adds, anhydridai of 


series, 169. , 


21 B. 


„ radicola of methyl series, 1 


„ organie aelds, 141. 


10. 




„ radicab of methyl series, i 


Mouochlorbonzene, 65. 


preparation of, 11. 


MonodUorhjdriii. 107. 


„ salts of amines, 253. 






127. 




„ propjlic glycol 


Octyleoa, 19. 


108. 


(Euanthylene, 19. 


Monohydric alcohols, 76, 78, B6 


Oil of bitter almonds, 140. 


88, 90, 91, 9a. 


„ of Gaultheria prociuubrais, 82. ■ 




OleSne type, 5. -^^J 
Oleic senee of acids, lea ^^H 


Morphine, 2i2. 




Orcein, 101. ^^H 




Orcin, 102, 103. ^^H 


„ Ponstitution of, 71. 




Naphthyl, 16. 


„ araonic acida. 255. 1 


Narcome, 242. 


„ arsenio chlorides, 255. 




„ arsanio oiychlorides, 253. 


Natural alkaloids, 242. 


„ bases, 225. , 


. HegatiTB compound radicals, hy 


„ compounds, olassifinttth^ 


i "■" 


3H 
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Orgamc compounds, dcGnltian of, 


Osyarssnic base^, salts of, 354. ^H 




Oxvbaees, 225, 245. 


„ compoTindfl, elcmentB cod- 




tained m, 1, 3. 




compounds, graphic for- 


225, 250. 


mulBE of, 7, a. 






Paparerine, 213. ^^^| 


,. nuliculB, 3. 


Pani-uompouuds, 64. ^^^H 


„ radicals, compound, defiui- 


Paraffin, 44. ^^H 


tioo of, 3. 


Paraldehyde, 137- ^^H 


„ radicals, negative, 9. 


Paraleukaniline, 239. ^^^| 


„ radlcalB, positive, 9. 


Paramylene, 12. ^^H 


Organo-aluminic oompounda, 275. 


Psrarosaniline, 237. ^^^1 


„ antimony compounds, 276. 


Paris Tiolet, 239. ^^H 


araeiiic compounds, 276. 


Parroline, 229. ^^^1 


„ bismutli i;ompoundB, 276. 






Pomane,43. ^H 


„ boron coiupounda, defini- 


Perboric phono -totischloride, 260. ^^H 


tion of, 256- 


PerchloritiatedmethjlioeLbac.llS. ^^M 


eadmium compounds, 275. 




„ lead compounda, 274. 




„ magneeiutn compounds, 


Phenanthrenequinone, 74. ^^H 


275- 


Phenol, 94, 96. ^^M 




Phejiols, 82, 94, 96. ^^H 




Phenyl, 15. ^^M 


flilicon compoundfl, 2d 5, 


Phfnyl BCTiea, ethers of, 117- ^^H 


26X 


series, hydrides of Cha radi- ^^^H 


„ lodium compounds, 269. 


cals of, 59. ^H 


„ tallurium compounds, 374, 
276. 


of, 92. ] 

„ serit^s, normal monobydric 1 




alcohols of, 92. J 


Organometallic bodies, 265. 


Beriea, Tadicals of, 14. ^^^J 


bodies, oonstitu- 


series, eecondnry aloobals ^^^H 


tion of. 274. 


^^M 


bodies, deQuition 


series, t^rtiaTj alcohols of, ^^^| 


of, 265. 


^^M 


„ bodies, formation 




of, 267. 


Plienylammonio chloride, 280. ^H 


bodies, reactions 


Phenyl chloroform, 190. ^^M 


of, 269. 


Phenylene diethylic ketone, 821. ^^H 


bodies, tjpes of. 


series of radioala, 38. ^^ 


274. 


Phonylenio oiide, 117. ^ 




Phenyl formamide, 126, 186. 


Oiajnide, 38, 24H. 


Phonylhjdraiine, 236. J 


OiamidBB, compound, 38. 


Fhenylhydraionio chloride, 236. | 


Oiatyl, 28, 34. 


Phenylic cyanide, 126- ^^^^| 


.OiatjUo hydride, 75. 


hydride, 64. ^^^1 


Oxindole, 281. 


iodide, ^^M 






„ bases, salts of, 255. 




OijarBenic bases, 352. 


PlUorol, 94. ^^H 







300 INDEX TO VOL. U. ^^H 


PhospWne, diethyl. 244. 


Propylene, 19. ^H 


dimBihjl, 244. 


Propylenic bromide, 130. 


etliTl, 24A. 


chloride, 130. 


mothjl, aw. 


iodide, 130. 


trielhjl, 244. 


oiide, 117. 


trimethjl, 244. 






108. 


„ primaiT, 213. 
Bslla of, 254, 


Propjlic iodide, 121. 


Propylmethylhonzaoa, GO, 


secondary, 243. 


Protopine, 242. | 


MMiMj, 343. 


PruiMian blue, 33. _^^H 


Phoiphonio iodide, 243. 




PhoaphoriG triethoiide, 245. 


Pseudocumene, 59. ^^^H 




PBoudocumeuol, 94. ^^^1 


224. 


Fseudurcin, 110. ^^^H 


Phthalio chloride. 231. 


Pyridine, 229, 2S1. ^^H 


PhjoitB, 110. 


faaam, 231. ^^H 


Picoline, 329. 


Pyrociit«chin, 102. ^^^H 




Pyrogallin. 109, 110. ^^M 


Puiftkona, 98. 


Fyroiylic spirit, S2. ^^H 


Pipsridioe, 228. 


^H 


Polyhydrlc alcohole, 110. 


Quinine, 242. ^^M 


PoeitiTe compound radicalfl, hy- 
di^dea of, 39. 


Quinoline, 229, 232. ^^M 


baWB, 238. ^™ 


dvad rodicaln, hdoid 


Quinone, 103. ' 


ethers of, 121, 129. 




„ monad radipal^ haloid 


Radicals, acetylene aeries of. 23. 


ethers of, 121, 124. 




„ organic radicals, 9. 


drides of, 89. 


triad radicals, haloid 


„ dyad poaitive, 17. 


ethers of, 122, 132. 


drod, reUtionsof miooinic 


PotaBBimn. 


BBriea to, 195. 




„ haloid ethers of the dv»d 


1 190. 


poaitive, 121, 129. 


1 ,. cjitBate, 31. 


haloid ethers of the 


1 ., diacetate, 155. 


monad positiTO, 121, 


1 „ ethido, 274. 


124. 




haloid ethers of the triad 


129. 


poaitiFe. 122, 132. 


fBiTOOTBTiicte, 32. 


„ hydrides of positive eom- 


ferriejanidc, 33. 


pound, 39. 


phenylhjdraiine. 


„ monad poaitive, 10. 


Bulplionate, 236. 


monad, relationa of, to 


sulpliocyanMe, 34, 


fatty acids. 147. 


Potassio-ziDEio ethide, 377. 


nepative, hydrides of, 30, 


„ methide, 277. 


75. 


Ppopai^l Bori™, BlcoholB of, 94. 


., negative organic, 27. 


Propione, 231. 


„ normal, of the mathjl 




aeries, 11. 


PropoKjI, 6. 


normal, of the methyl 


Propjl, 11. 




Prepylben^eoo, 59. 


11. 
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=4od o z ncic cthide, 269, 277. ^^H 


,. of the phflQjieue aemoa 


Spxrtof vine, 83. ^^^1 


26. 


Stearm 107. ^^^1 


of the phenrl senes 14 


Stibme Cnamyl, 246. ^^^1 


of the phenTl senes hj 


tnethyl, 24S. ^^H 


dridBBof 69 


tnmethyl, 2J6. ^^H 


of the Tinjl or alljl ee 


atibinea 224, 243. ^^M 


ri8B. 13. 


«ltB of, 254. ^^M 


organic, 3 


atdbeae 26. ^^M 


aecondarj of the methyl 


btry hnme, 24S. ^^H 


eeries, 10 13 


^tTTolete 190. ^^H 


tertiiuj, of the metlijl 


Subst tutionderiyativesof Leniette, ^^H 


Beries, 10 


^H 


triad poait ve 26 


S ILCinam de, 2i». ^^M 


BeBoraa, 102. 


Sue mi series of acMs, 193. ^^M 


BosBnihae, 238, 239 




group, 237 


tie Bcries, 196. ^^H 




series, relations of, to dysd ^^^| 


e-ligenin. 94. 


radicals, 195. ^^M 


SaJtB, ethereal, 222. 


Beriee, relAtions of, to laotie ^^H 




Boriea and to glyoola, ^^^| 


86, 93, 95. 


^H 


radicab of the methyl 


Sucuimmidc, 248, 251. ^^M 


series, 10, 13. 


Succinonitrile. 131. ^^^| 


SJIioic aoeto-trietlijlatB, 262. 


Succinylic rhioride, 220. ^^M 


,. Boetylata, 262. 




„ chloroform, 260. 


Sulphur alcohol, 85. ^^H 




una, 236. ^H 


„ ohUjrtricthylate, 262. 


Sulphuric dieth'ixide, 117. ^^^| 


„ dichlorethide, 262. 




„ dichlorethjkte, 262. 


triethylo -iodide, IIS. ^^H 


„ dieth-ethylate, 262. 

„ dietho-ehlorethvUte, 262. 






„ diethoiide, 262. 


Tartaric or glyoiyloid eeries of ^^H 




acids, 206. ^H 


„ ethide, 262, 263, 270. 


TeUurium ethide, 274, 277. ^^M 






„ ethjkte, 262. 


dielhoculphate, 274. ^^M 


,. hydride, 260. 


di^thoxide, 274, 276. ^^M 




Tertiary acids of the futtv seriM, ^^H 


„ methide, 263, 26S. 


^H 


„ methjlftte, 262. 


diamines, 234, ^^H 




monamiden, 249. ^^H 


„ tricth-ethjlste, 262- 


monauiincs, 225, 229. ^^M 


„ triethohydrate, 263. 


iiiouareiiies, 252, ^^M 


„ trietbylate amylatE. 262. 


monohydric alcohols, 78, ^^H 




S8, 93, 96. ^H 


Bilicononjlic aoetate, K62. 


radicals of the methyl ^^M 


Bleohol, 220, 262. 


series, 10. ^^M 


chloride, 262, 






^^M 


r"" 


Tctruuiethylbenzenc, 60. ^^H 
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Tetr»miiie8, 22B. 


TriiLniinEs, monHcid bsUb of, ^^^H 




normal salta of, 253^^^ 


Tliebaiiie, 242. 


Triamykmiiie, 229. 


Theine. 243. 




Theobromine, 2-13. 


Tribasie acids, 210. 


Thiikldiiie, 241. 


„ arida, aconitio or acryloid 


Tl.jm<.l, 94. 


eeriefl of, 210. 


Tin, 


„ acida, citric of lacboid 




Berit>9 of, 210. 




„ acids, tricarbaUyKo or m«- 
toid seriea of, aUK ^m 




27a, 277. 




Stannic clilorotrtelhide, 273. 




„ didilorethide, 268,273, 


Tributylamine, 229. ^^H 


„ ethide, 268, 


IVichloraldBbjde, 137. ^H 








TricMorbenzene, 66. 


277. 


Trichlorbydrin, 123. 132. 


„ iododiethide, 273. 






250. 


„ iodotriethide, 272. 


methylio chloride. 


„ iodotrimetbide, 277. 


127- 


„ methide, 277. 




„ phenjl-triethide, 277. 




„ triethohjdrate, 276. 


Triethylamine, 229. 










cliloride, 273. 


Triethyi-phoapliina, 244, 270. 


ether, 273. 




„ ethyl Bulpho- 


Trietliyl roaaniline, 239. 


nate, 273. 


Triethyi-silicol, 263, 264. 


liftloid ether, 


Triethyl atibine, 2tS. 


273. 


Trihydrio flleohols, 78, 77, 106, 1 


Toluene, 59. 


109. 1 


Toloidine, 226. 


etharaoE. 120. , 


blue, 239. 


Triiodorcin, 104. j 


Tolyi, 14. 


TrimethylaimoB, 229. J 


Toljlamine, 226. 


TVimethylbeniene, 69. ^^ 


Triacetin, 223, 


Tiimethjlroaaiiiline, 240. ^^^1 


Triad pnsitiie radicnls, 26. 




„ positive mdieals, haloid 


Tnoibupbenolcarbiiiol, 238. ^^H 


etbera of, 122, 132. 


Trinitrophenylmethatie, 23B. .^^H 


Triftdelphic type, 5. 




TrialifllamideB, 250. 


Triphenyhnetliane, 237. ^^^^H 


Triamidca, 248. 


Tripheojl methylio hydricU^^H 


„ priitiftry.oooBtitutionof, 


^^^H 


24D. 


Triphenyl rosaniline. 239. ^^^H 


„ Becondarj and tertiary, 


Tritolyl roaaniUne, 239. ^^H 




TuFcbull's blue, 34. ^^H 




Type, ammonia. 4, 6. ^^M 


TriaminoB, 226, 237. 




diacid aalt^ of, 254. 


„ condeused diadelphio, ^^^^| 




^^^^^^^B 




^^^^^^^^^^^^^^M 
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Type, diadelphic, 4. 


Vinyl series, ethers of the, 117 


„ double monadelphic, 5. 


» 


series, radicals of, 13. 


„ marsh-gaB, 4. 






„ methyl, 4. 


Xylene, 69. 


„ monadelphic, 4, 5. 


Xylenol, 94. 


„ olefine, 5. 






„ triadelphic, 4, 5. 


Zincic amide, 271. 


Types of organic compounds, 4. 


)} 


amylide, 277. 


• 


)t 


dinitroethylate, 271. 


Urea, 235. 


it 


ethide, 267, 277. 


„ a diamine, 234. 


ii 


ethiodide, 270. 


„ derivatives of, 236. 


» 


ethoethylate, 270. 


„ formation of, 235. 


)t 


ethylate, 266. 


„ reaction of, 235. 


if 


methide, 271, 277. 




a 


methide ethylate, 271. 


Valerylene, 23. 


a 


methylsulphinate, 271. 


Vanillin, 188. 


19 


propionate, 271. 


Vinylic bromide, 131. 


it 


succinat-e, 266. 
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